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ABSTRACT |

The eight-day summer workshop focused on increasing energy.couservatioun

knowledge and skill of selccted eastérn U.$S. industrial arts local teachers

and teacher educators. Twentv-four participants spent over 83 hours at the

]

workshop lisctening to 30 presenfers? going on five field trips= and devépr-

.ing instructional modules. All presentations wera color video taped on sbecial

~

cassettes from which participants can have copies made. North Carblina State

University will serve as a repository for the tapes so thar they will not be

lost. Each of the 24 participants developed an instrucciénal.mbdule on

'presentéd workshop topics. -The workshop staff edited the debeioped modules and

a ser was sent to each participant for use in his/her own teaching situation..
) - ' -

The naed for the workshep and‘ics_general topics were identified t%ﬁgugh

a survey of selected industrial arts teacher educators iu the Eastern U.S.

. . ' i v
‘Specific workshop objectives were derived from an analysis of energy conser-

vation librarv resources and exﬁercise in the Raleigh. North Carolina‘area.
Major topics covered in the workshoﬁ included the following: asséssmeﬁt of
conveﬁtional and selected alternative renewable energy-sources; developing
a“conservaﬁion ethic, recognizing energy wéste, and applving conservation

techniques; identificatio- of -current, new, and emerging careers; and fostering

cooperation communication among participants so they will openly share infor-.

mation. Objectives ywere achieved.thrqugh capable guest lecturers and staff of °

PAFullToxt Provided by ERIC

curriculum developers, graduace student, and the director. WOrﬁﬁﬁﬁp—évaTua4

~

tion consisted of using a daily feedhacKk monitoring instrument and an end
of workshop DOE participant evaluatien form. Overall reaction to the work-

shop was~54% of rhe participants said, "Excellent," and 46% said, "Good."
Sumerous follow-up'leiters were received from participants telling how much

+ -

they enjoved che workshép and especially its management (see Part IV).

- .




S - .. PREFACE

°

The energy crisis began in October 17, 1973 when the Mid East oil-producing
.countries placed-an~gmbargo on their oil shipments. The shock waves from the ;il
embargo reached arouﬁd_the world, resulting in economic gnd:éocial disruption in
mostuindugtrial nations.

While the emb;rgo Iastéd, it-made people keealy awaée-that'in twgntiéth‘
century America a fourtﬁ essential was added to_&he necessities of life. That
is, besidés food, cldthing, and shelter-énergy was necess&ry. No‘lon'ger_couldI

societf expect to get'energy with so little trouble and expense as in the past.
As the oil embgrgo continued into 1974 the energy crisis greﬁlﬁOre interdse.
_ The féderai government; with neither stored 0il nor immediately accessible oil
resefve, met the cgisis with the only program that would have immediate effect.
It was determined that the best approach fo the situation was to set allocations -
of petrolgum products and call for éonserﬁation-measureg. Thg conservagion
st;afégies includgd reducing'h§ghwa? speed to' 55 miles éér hour, voluﬁtariiy
festricting‘travei, énd reducing home heating by 1oweri&g thérﬁst;;s to 68°. The
‘éllocation procedure was coéplex and at timeg inept. C(Consumers could purchase
gasoliﬁe on optional days based on, g.g.,.license'plate oddlé;en numbgrs. Where‘_
1ong.gés 1ines‘devéloped to purchasé fuei, in some incidences,.fempers flared.
Some intergsting statistics resulted from the conservation measures. TFor

+

_example, gas and oil use dropped by 40 percentJthg first quarter of 1974. Elec—
s

[

tricity which has a.7 percent growth rate_for years dropped during the embargo to

.6 percent. The Gross National Product (a measure of proéperity) fell. Sales of

new cars declinéHIBA percent during the first quarter as compared to same period
. L : ' : .

ih'1973, buq‘small car sales jumped-zs peréent. One-third (60,000)'gaso¥ine

‘service stations:.closed as the price per gallon- of gasoline nearly doubled.

Further, as highway speed was reduced to 55 MPH, the death from accidents was cut

25 pefcént.
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= What is the best approach that will -ecnable all society to meet the energy

crisis? If ap”individual seriously examines what caused the problem and reviews

&

various options available to the seolution several factors seem clear. These are

.

as follows: . -

1. 0il and gas brovided nearly 72 percent of all enéfgy‘in United States.

. 2. The fossil fuel supply (oil qnﬁ gas) are finite and will increase in cost

as they become less and less available. . . : ) 1

3. Conventional energy sourceés (oil, gas, cdal, hydrc nuclear) and selected

alternative sources (solar, wind, nuclear. fusion, Synfuels, biomass) can provide

*

adequate é%ergy mix, but each has varying problems, e.g., with the eavironment,

b

' L
availability. and politically. L.

* 4. Through emphasis on conservation energy consumption can be reduced and

-

‘c?me gained to better dévelop alternative sources.
Some éxpercé stated that it is easier and cheapér to save the energy we get
fr&m conventional sources than it is to generate energyffr&mlnewer, ﬁore e;penﬁ
sive sﬁufces éuch as wiﬁd and sum,’ For example, it is cheapef and easier |

to insulate a home than to produce enexgy from renewable sources to heat an unin-

’ .

sulated dwelling. - If we.continue to consume all of our fossil fuels in our cars

B

and vans. we will never see the solar-based society to which we must move if

we want te survive. Dollar for dollar energy conservation is one of the best ap-

proaches to reducing the energy crisis. It does not cause pollution, it is readily -

aéh—pe;son_xquJﬁm1tnihuLe¢_and i will provide resources fo;_fufure c- .

generations to use in maintaining a productive society.

Based on the need to conserve energy the best place to begin for industrial
' [

arts education is with their teacher educators.who prepare teachers. In turn,
these newly prepared industridl arts teachers will spread across the state, region,

@

“and nation to instruct. hundreds of local school students on energy comnservation.

kl
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"The information présented through the modules will provide a rescurce that can

1 . %

enable industrial arts-educq}érsrin eastern United States to move more effectively

» i . -

intd energy conservation instruction.'
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MODULE ONE

»

SOCIETAL IMPLICATIONS OF THE ENERGY SITUATION

’ ’

Prepared

. by

Robert E., Wenig
Industrial Arts Education
Department of Occupational Education
North Carolina State University
Raleigh, North Carolina

o

-

USDOE Sponsored Faculty Development Workshop on Energy
Conservation for IAE at North Carolina State Univeristy
June, 1981 - R. E. Wenig, Director

»




SOC}ETAL IMPLICATIONS OF THE ENERGY SITUATION™ "~~~

¥
Since the world energy crisis is an ever-changing éituation, this firgt'
‘module (one) will not be the formal beginning. Module two will'be the formal

introduction to the 24 instructional modules. 'The intent of;this_mgdule is to

provide a list of genéral performance objectives with references that could be -
used to develeop a formal module for each pafticipant's instructional “situation.
*.Through this informal perscnalized approach, the introduction of a unit(s) on -

energy consgrvatien for a specific teaching-learning .situatien could be more -

;ealﬁstihqlly reached. THe National Geographic's "A Special Issue on Energy"

should serve as the best information to develep the personalized medule.

GENERAL PERFORMANCE OBJECTIVES

As a result of participaﬁing in this module students will be.able to: .~

. - g - o e ———
Discuss the world and national erergy predicament:”

_Comprehend six basic truths about energy, i. e.,‘
We are not rﬁnning out of energy-~yet.
Fossil fuels are, hoﬁev?r, fini;e.
Thepe-is no quick fix. |
There'islno free lunch. .
The energy probiéﬁ is éiobal. What we do effectsreveryone else.

Energy efficiency and conservation are_all-iﬁpqrtant from now on.

Explain why some nations use more energy than others.

-+

Discuss how Americans can live better on less.

Identify the most appropriate energy mix for American in the future.

- x

Discuss the most pressing energy issues and how experts see them.

~ REFERENCES ‘ | e .

= YEntiré Publication)-A Special Report on Energy, National Geographic. February, . -
19811 : : : - '

(Entire Publication)-Energy in the Global Marketplace, U.S. Department of Energy
Technical Information Center, P.0O. Box 62, Oak Ridge, TN 37830. November, 1978.

-




-

{(Volune L only)~Energy Environment Source Beoks: Velume 1.  Energy,Society and
the Environment, National Science Teacher Association, Washington, DC. 1975.

* (First Chapter)-Conserve Energv & Save Money, thn_E. Smith. McGraw Hill. 1981.

o

(First Chapter)-Energy Primer., (editor) Richard Merrill and Thomas Gage. Delta
Specinl/Scymour Lawrence. New York. 1978.

-(Pages 1-15)-1deas & Activities for Teaching“Energv'COnservation, Grades 7;12,

The University of Tennessee Enviremnment Center, Seuth Stadium Drive,
Knoxville, TN, 1977. ) ) )

{(Entire book)-ﬁnergy Systemé Lesson fbr Use in Secondary Schoels, Energy Educatien
‘ Curriculum Project,Division of Curriculum, Indiana Department of Public In-
:struction. Indianapelis, IN, 1981.

(Entire pamphlet)—Energy Outlook.1980-2000, Exxon Company, USA'S. December, 1990.:

Each of tﬁe general perfnrmance objectives should serve as an INSTRUCTIGNAL
PACKAGE using the. formal module development formaf,-that is:b

Pre-test _

Instructionél packages 1-6 from ééneral performance objectives

ObjecLives | |
Reésources
fActivi;ies
Objective Checks

Post—-test Check




- Energy sources

[ 1) S

b Gas

Coal

v Hydro

1 Nuclear fission
b Nuclear fusion
bSolar -
Georhermal
Notural therma) gradients
F Wind

Tidal .

Ocean & stream currents

F rg LI The three dimensions of the eniergy isstre.

1oF

+——' — Solarinput to earth = 5.1 X 10%! Bty
10

Annual photosynthesis ————» '1 s
=1.5% 10! Bru 10

- . T World energy use in 1971 =2.2% 1017 Bru
Potentially useful ——— 1ot
hydropower 4———— Solar input per million acres

. - «+——— U.S. annual energy use in 19737
Usabe tidal * 1015 =75% 10" Btu
encrgy

Ilot 3

1!

10?7 . .
4———— )5, per capita ¢nergy consumption in 1973
=3.6% 10° Btu -

World energy ———s
ConsuUmption per 107

capita in 1973 +——— Basal metabolic rate of man

=§X 107 Btu - =2.2X 108 Brufyear :

10 -

" Fig. 2.1 The solur input to the earth and :;e!ared energy rates. The unit of encryy is the Brivish
Thermal Unit. { See Chapter 3 for a full discussion’of energy units. )

&

o pde
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MODULE TWO ~

AWARENESS OF ENERGY TERMS, SUPPLY, AND USE

Prepared

#

R.T. Troxler - -
North Carolina State University
Raleigh, North Cayolina .

USDOE Sponsored Faculty Development Workshop. on Energy
Conservation for IAE 4t North Carolina State University
June 1981 - .R.E. Wenig, Director




AWARENESS OF ENERGY TERMS, SUPPLY, AND USE

TERMINAL PERFORMANCE OBJECTIVES

After the completion of this module, the student should be able to:

4

Identify the various terms related”to energy.

Qutline the facts aboutf:he supply and utilization eof oil energy in the
United States. :

Discuss how the shortage of petroleuﬁ energy wmay change the patﬁefns of
life and life style of future generations. '

INSTRUCTIONAL PACKAGES
1P-1. Identification and Use of Energy Terms

IP-2. Outline Facts about Energy Supply and Use

Kl

IP-3. How Patterns of Life Might Change with Less Energy




- ‘ '  PRE-CHECK

-

AWARENESS.OF ENERGY TERMS, SUPPLY, AND UZE -

IP-1. -Energy Terms : _‘ E - .

1. A barrel of crude oil would be:

A. 12.Gallons
B. 45 Gallons

- 42 Gallons ' . : .
2. A BTU is a: _ . e .
A Pound = L 4 |
B. Measure of Heat : )
c Distance . - - -
3. The ratio of useful work or output in relationshlp to the energy

“input 1is called:

A. TFoot-Pounds
B. Watts '
C. Efficiency

4. Fossil fuels come from
A. Alcohol
B. Sand . -

C. Remains of plants and animals

5. Gasohol is.made up of a mixture of:

A. 50% Kerosene, 50% Alcohol
B. Regular Gasoline with 10% Alcohol .
C. Unleaded Gasoline with 10% Alcohol oo

6. A Quad is:

A. A fraction of a tank of'gas.
B. A large quantity of energy
C. The energy in one barrel of crude oil.

7. The world's reserve fossil fuel is the amount of. fuel equal tor

=

A. All the gasollne in tanks. : : .

B. The coal which is out of the mines ready for shlpment -

c. The fossil fuel which has been discovered, may be economically -
processed but has not yet been harvested.




8. A BTU is the amount of heat energy required to: "

A, Raise one pound of water one degree ‘fahrenheit.

B. Do one foot-pound of work.
C. -The amount of energy in one gallon of gasollne

0il Energy Reserve and Use |

The U.S. is able to-produce (domestic supply) all required petroleum
enargy- ' -

Qf the total energy conaumed in the U.S.,-approximately, what percent-
age is petroleum energy? . . -

A. 60%

B. 4&5%

c. 8% ' . .
Approx1mate1y 25% of our energy is used in transportation,  Of this
amount, what’ percentage is used in passenger cars°

A. 20% .
B. 90%
C. 60%

1
The United States has . what percent of the world's oil reserve?

A. 10% o o .

B, 607% ' ‘

c. 80%
5. What percent of our total energy uaed in the United States comes from
-—?eefe%eum7 . _ _ Lo

A 15%
B. 45%
C. 80% )

> -

A chief advantage of oil is that it 1is easy to transport as .compared
with other fossil fuels. :

Approximately one-thi;d of the world's oil supply comes from the
Persian Gulf region.’ . . T

Today the world consumes energy equal to 100 m11110n batrels per day.
0f this, some 60 million barrels per day is oil. :




In the U.S. the largest "amount of our emergy comes from coal.

The largest supply of fossil energy in the U.S. is:
A 0il
B, eCoal

The most likely way the United States may cope thh the enurgy crisis
1s to:

A. Locate more orl

B. Conserve energy

€. Use bottled gas

-
-

‘Most of the experts think we will make a spectacular dzscovery that
will solve our energy problems.

Passerger cars consume what percentage of our oil?

A.  80%
B. 10%
C. © 30%

Lighting for home and industry uses from SZ to 6% of the total nation's

energy coutsumed. 3

One of the chlef problems that face the world is how.to decrease the
" use of energy without decreasing economic growth.

"




PRE-CHECK KEY

AWARENESS OF ENERGY TERMS, ‘SUPPLY, AND USE

Energy Terms

00~ O 1 £ L2 b e

Energy Reserve and Use

1.
2.
3.
&,
5.
6.
7.
&.
9.
10.

HHomEEmAHAeEs 0w




_ AWARENESS OF ENERGY TERMS, SUPPLY, AND USE

1P-1. ldentification and Use of Ene;gy Terms .

OBJECTIVES . '

Upon complétion of this package, &og will be able to:
A. .ldentify the important terms used in energy education.

B. Define the meaning of the identified en:rgy terms.

RESOURCES .
RESOURCES

Enhanced 0il Recovery Potential in the United States. Office of Technology
Assessment, Washington, DC. "

Environmental Educarion Strategies for Wise Use of Energy. . Division of Science
Education, North Carolina Department of Public Instruction, Raleigh, Berth
Carolina 27611, '

Enérgy in the Global Marketpiacé, U.S. Department of Energy, Technical Inform--
ation Cenrter, P.0. Box 62, Oak Ridge, TN 37830. November 1978.

A Special Report on Energy. Nationzl Geogzéphid, February‘1981.




ACTIVITY
A

1.

ENERGY TERMS
Barrel = A liquid measure of oil, usually crude 011 Equal to 42 .galloms.

Barrel of 0il Equivalent - _The energy equal to a barrel of crude oil;
5.8 Million BTU's. .

BTU (British Thermal Unit) — The amount of heat necessary to ralse the
temperature of one pound of water one degree fahrenhelt

Efficiency - The ratio of useful work or energy output to total work or
energy input. e

: Energy - Energy is the capacity for doing work. Typical units of energy.

are BTU, Calorie, Foot—-Pound.

Fossil ‘Fuels - Fuels such as coal, crude oil, or natural gas, formed from
remains of plants and animals.

Gasohol - In th2 U.S., a mix of 90 percent unleaded gasoline and 10 percent
ethylalcohol. : - ' ,

Greenhouse Effect - The warming effect of carbon dioxide and water vapor in
the atmosphere. These molecules allow the sunlight to come through but
block infrared (heat) radiation escaping from the earth.

OPEC - The Organization of Petroleum Exporting Counﬁries,_l3 nations that
aim at developing common.oil-marketing policies.

Petroleum - Mineral oil. Fractional distillation yields gasoline, diesel,
lubricating oils, and other products. ,

Power - The rate at which work is done Typical pqpe:“unfts are watts and
horsepower. - ’

Power Tools - & group of electric power supplies whose transmission lines
are interconnected. '

Quad - A large quantity of eumergy. (A Quadizillion BTU's) 1013 BTU's. The
amount of energy contalned in eight billion (8,000,000,000) gallons of
gasoline. A year's supply for ten million automobiles.

Reserve - The reserve fossil fuel energy would be the reserve which has .
been discovered, not harvested, but may be economically processed and used.




FEEDBACK -

objective A Check:

I.. Retake 1P-1 Pre-Check with same instructionms. Check your answers.
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AwAREﬁESS OF ENERGY TERMS, SUPPLY, AND USE
IP-2. -Outline Facts About Emergy Supply and Use
OBJECTIVES ‘
Upon completion oflfhis:packaée, you wiil be able to:
A, Discuss how energy is supplied and consumed in the gofld and

B. Demonstrate how much energy is used. ‘

RESOURCES
Same as IP-1,-

Pamphlet

Energy Qutlook 1980 - 2000.‘ Evxon Corporation, December 1980,




ACTIVITY ]

A, Review the information found in the set of 10 transparency masters IP-2,
1 -.10.

Apply the information found in A above to. constructlng an energy use time-
line Lndxcatlng eventual ¢risis. .

Examine reference material to determine proper energy mix for United
States.

Perform the following calculations
1. Calculate the height of a tank the. size of a football field to hold the
gasollne equal to 1 quad of energy. N
1 Quad of Energy is equal to 8 billion gallons of gasoline (8,000;000,000)
Cubic Foot = 1728 cubic inches
1 Gallon - 231 cubic inches
Football Field = 300 x 160 feet.’
The total number of vehicles registered in North Carolina in 1980 was
" 4,465,225, (Use 4,465,000 for calculation.) A quad of gasoline energy has
been estimated as a year's supply for 10 million automobiles. Assume the
vehicles registered were all automobiles. How many quads or what, fraction
of a quad would be required for the automobiles in North Carollna for one
year?
Call the Motor Vehicle Department in your state.to determine the number of
vehicles registered. Calculate the quads of energy necessary for the auto-
mobrles for one year. : -

The U.S, imported 7.4 quads of oil in 1970 and 15.2 quads in 1980, an in-

crease of 7.8 quads in ten years. If all 7.8 quads were used for auto—.

mobiles, how many automoblles wOuld it supply for one year? '

Make a model of the earth to demnst‘rate the Greenhouse Effect. Mount two -

spteres on'a dowel. Leave one sphere bare and cover one sphere with clear

plastic. Place the models in the sun; measure and compare the temperature
" .of each. ‘ ’ -




FEEDBACK

Objectives A and B Check:

El

1. Write a report on the supply and use of engrgy in the world and the U.S,

2. . Determine the cost of gasoline required to-drive an automébile I0,000'mileS‘
: with an average miles per gallom of 13, 14, 25, and 36, Use present gaso-
‘1ine price. ' :

PAFulToxt Provided by ERIC
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World Consumption and Popuiation
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Data from: Stacistical Abstract of the United Staces, 1976. Bureau of

“ Cansus (Washington., DC: Department of Commarce) 1976.

World Energy’ 1{es: 1950-1974. Statistical Paper.
: ] - , ted Narions) 1973.




IP&SL

ENERGY CONSUMPTION IN THE U. S
(%I TRILLION BTU)

=

_HYDRO/NUCLEAR—/ L soLAR
49% 0%
- .3522.,00 BTU- B 7.21 BTU

Foss:l ‘fuels account for nearly 95% of the energy bemg used in this country.:_
‘These vital energy sources are rapidly being depleted. It is no Ionger a questlon of
IF we will run out of fossil fuels; the question is- WHEN

‘. .Source: U.S. Bureau of Mines
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Statistical Abstract of the United States, -1976. Bureau of
Cansus {Washingron. DC: Department of Commerce) 1976.

World Energy Supplies: 1950-1974. Statistical Paper.
Series J. th ERQ\I York: United Nacioms) 1975.
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U.S. Energy Outlook 1977
Coal (]
o =5
. Gas N
Nuclear 22ty
~ Hydro EEEE)
Other 223

Proved Reserves Economically Recoverable Consumption Pattern
With Existing Technology

o i . - < Data fron:}- :iorlthly_ Fnergy Review. (Washington, DC:
‘- (See Figure AB-6, “Energy fontent of U.S. Fosafl Fuels.”) - Deparrmenrt of Energy) 1978, ° .




FIGURE A8-3

Energy Flow through the U .S. Economy 1976 .

. fin EJ, 10‘8 joulesl

ENEROY LOST &mml T‘w“l”lo“

S~ EXPORTS 1Y

NET IMPORTS 15.9
NET WPORTS 1.0

after Earle
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 [SVZE OF THE ENERGY SYSTEM]

.. INMILLIONS OF BARRELS PER DAY

AL o=l

—0OIL— INATURAL] COAL |NuUCLEAR
15.7 |GAas19| 77 4

- TOTAL

~ CONSUMPTION =
38.3bbl. -
. S

day. By

‘I'

y 126 bbl.
"Actually'--
. Used

_ O MINNESOTA MINING AND MANUSACTURING COMPANY 1877 ENERGY—1978
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Other )
(includes screec lighting
and transportacion)

- .ELECTRICAL USE BY ECONOMIC SECTOR
. Percent

Data from: Monchly Snergy Review. (Washington. DC: Department of Energy) 1978
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Earth’s Energy Flow
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Changing Sources of Energy: Percent of Total Consumption
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Moathly Energy feview. (Washiagton, DC: I)epnrt-.ent ot Laergy) 1976,
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AWARENESS OF EﬁERGY TERMS, sUPPLY, AND USE

1P-3. How Pattern of Life Might Change with Less Cheap Energy .

-

OBJECTIVES , " o
Upoa completion of this p;ckage, you will be able to:
A. , Discuss variou; life style changes due to enérgy supply and use.
rm———
RESOURCES

Same as 1P-2 and IP-2.




of

ACTIVITY
A. How would your life have changed’ today if the gasoline. supply became zero
when you woke up thls mornlng? :

B. Have one student make a chart or poster to show how many students in the
~ ¢lass live in homes or apartments heated with petroleum e
C. How would the patterns of social activity change ifothe U.S. was forced to
become 90% dependent upon public transportation? . > "
D. Have .the students do a log of their travel for ome week-ghowingf ,‘ 2

-

1. Number of miles to and from school
2. MNumber of miles of public tran3portat10n .
".3. Number of miles.with two people or less in the automoblle.

- . . -

%

E. Have the gtudents make a study showlng any relatlonshlp between _the stock
market and the supply or use of energy.

F. Have the students show how the family income is dependent upon the use of
the automob11e

<]

- . ! - ‘}

. FEEDBACK - e ' )

¢

Objectives A, B, C, D, E, and F Check: + &

1. Write a report on energy and present it to the class. TR

2. Hold a class debate ¢n energy supply and use. in the Unlted States now and
in the future. R

Al

F




POST-CHECK

AWARENESS oF ENERGY TERMS SUPPLY, AND USE

—Divet 1ﬂﬁ:——?TUvide—thé—best—response—eﬂ—a~separatefanswenhsheetQLFAt
" correctly answers each test item.

Multiple Choice: Circle the Tetter that best completes the statement.
1. The ability to do work 1s called’

A. horsépower. _

B. force. ¢ ©

C. energy.

D. power.

Appiying force to cause motion is
A. . power, :

B. energy.

.C. force,

D. ‘work.

The rate of doing work is_called
A, control.

B. energy.

C. cycle..

D.?- power.

A device that convertc human or animal muscle power, water, wind or heat
into a more usable form of energy is a : e
A. prime mover.
- B. machine,
C. transinission,
0. system, ) .-

An assembly of parts that transmits forces, motion, and energy ane to
another in a predetermined manner is Called a o
A. system. PR
control.
" machine.’
transmissioni

+

s Oy
4

davice that restrains or has a directing 1nf1uence over work1qg forces is
lied-a : -
system, i
control.
machine. . : : .
transm1ss1on ' -

O
m:w

+ + +

+

©n on@En

esistance to relative motion between two bodies in contact 1s termed
friction. - . .

heat.

pressure.

vacuum.

+ +

omm>
0

+




1A 476
Power Techno]ogy Examination
Page 2

8.

---D—pressyre - _

Dﬂw:b":’_"l Lo B o W e i ]
[11]

L)

The ratio of force to area is called
A. efficiency. -

B. wvacuum.

C. friction.

The performance of a ‘machine compared with its theoretical maximum performance L
" is termed

A. loss.

B. efficiency.
C. friction.
D. control.

.The turning effort, or that which tends to cause rotat1on in a body, is called

A. torgue. -

B. circular energy.
C. force.

D. inertia.

-

] Energy exerted to cause motion or displacement is called

A. inertia.
torque.
" vacuum.
force.’
distance an object moves because of energy exerted on it is termed
displacement.
. wvacuum. _
.’ opressure.
force.

displacement. .
matterless. - -
complete vacuum.

B
c
D:
A space completely devoid of nattpr 1s called a
A.
B
c
D. . absence.

A group of mach1nes work1ng together to perform a funct1on forms a
AT zeycle, . .

B. - system;

Cthgpnvevter:\

D. control. \\

A method used to relay a force is called a
vacuum. )
transmission.

forceractivator. _ ;
Crossover. , . . .

process of changing energy from one form to another is ca]led
conversion. .

transmission.

crossover.

efficiency.




IA 476
Power Technology Exam1nat1on
Page 3

The force that causes mechanical machines to do work is called
A. muscle power.

B. fluid power.

C. electrical power. <

D. mechan1cal power .

L1qu1ds and gases ysed under, pressure to create motion or do work exercise
a force called - ‘
A. muscle power. ) B

B., fluid power.

C. electrical power.

D. mechanical power.

Force exerted on electrons to create motion or work is called

A. muscle power. .

B. fluid power.

C. electrical power.. .

D. mechanical power. . B

The advantage ga1ned by use of the device that is transmitting the force
is termed - .

A. vacuum displacement. '

B. mechanical advantage.

C. conversicn process.

D.” force multiplication.

The force which tends to keep a moving object in motion is known as
_A. ‘perpetual motion. : .

B. momentum.

C. torque.

D. inertia.

A course or series of events or operations-that recur regularly is a
A. system. ) .

cycle.

period. )

pattern. o

[ W ge R we)
1 1

§

n's f;rst power sources came from mater1als which
fel -
expanded.
were burned.
- absorbed 0il.

he source of all fuels is

the sun.

the sea.

trees. . ,
. inner earth. -

simple machine cannot increase the amount of
force. .
" speed.

. distance.

work.

scﬁmhh-bpmrﬂ ocCmE




IA 476 ’
Power Technology Exam1nat1on
Page 4 ..

26. The device used to harness sunlight and convert it into electrical energy is a
© A, thermocouple. : )
B. solar cell.
C. fuel cell. |
D. solar reactor.
# : -
27. One of the first natura1 energy sources used by early man -for transportation was
A. fire.
B. "wind.
C. steam. )
D. fossil erTs.

28. One of the Teast po]1ut1ng fuels is
A. alcohoT.
B. diesel fuel.
C. wood.
D ..coal.

29. The most dangerous pollutant resulting from nuclear power is
A. thermal pollution. ,
"B. air pollution.
C. - noise pollution.
-.D. radioactive contamination.

30. Photochemical smog is created by
A. sunlight and water vapor.
high temperature and exhaust gases.
exhaust gases and high humidity.
sunlight and exhaust gas.

quad.

" BTU.
barrel.
megawatt.

4 . e

B.

C.

D..
31. A liquid measure of oil equal to 42 ga]]ons of 011 is
) LA

B.

C.

D

32. Lliving matter, plant and animal, in any form is identified as
- A. synfuels. ‘ . ,

B. methane ) . ot

C. gasohol T ' ’

D. - biomass. . - : T

alcohal mixed with Iead gasol1ne to make gasohol is named.
methane. _
carC1nogen. g : . . 2
ethanol. ™ g ‘- -

dena tured - \

ratio of useful output {work) based on 1nput is known as
A. -efficiency.
-B. BTU's. . : N
C. " cogeneration.
D. megawatt. '

-
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. ASSESSMENT OF CONVENTIONAL ENERGY SOURCES

There is an increased interest and critical need for society to become more
aware of energy related issues which Industrial Arts Education should teach,
Students armed with the use, ava1lab111cy, and society issues related to conven-
tional energy sources will be able to make informed decisions as an-individual

-

and a member of society, 3

TERMINAL PERFORMANCE OBJECTIVE

- After completing the module the écudegc will have increased his/her knowl-
edge of the availability, problems, and cost of conventional energy sources,
This knowledge will be demonstrated by a grade of 90 percent or better onm ‘the
Posc-Check.

INSTRUCTIONAL PACKAGES

IP-1. Assessmenc-of 0il as an Energy Source

IP-2. Assessment of Gas an an Energy Source -

IP-3. Assessment of Coél as an Energy Source

IP-4. Assessment of Nuclear as an Energyﬁ$ource




PRE-CHECK ..

'AS§%SSHENT OF CONVENTIONAL ENERGY SOURCES

1f you wish to assess your knowledge of convent1ona1 energy sources, take the
follow1ng Pre-Check: . -

-

-

DIRECTIONS:  Circle T for true or F for false.>-

1

Assessment of 0il as an Energy Source]

L]

The amount of energy used worldw1de is expected ‘to decrease during the
1980"s.

0il is normally bought or sold by the ton.

In 1980, the U.S. consumed more than a fourth of the worldwide pro-
duction of oil.” - .

Four times as many oil wells have been drilled in the U.S. as in the
rest of the world.

Assessment of Gas as an Energy Source

K
»

In 1980, the U.S5. was alm?st self-sufficient in natural gas.

The U.S. has sufficient known natural gas reserves to supply our needs
for at least 100 years. . .

Unconventional sources of natural gas include shale, t1ght sands,
and geopressured zounes, v

=

Assessment of Coal as an Eneggy Source,

Even'if coal use doubles during the next twenty years, supplies are
' expected to last over 500 years. :
The United States has more than one-half of the free world’s coal
resources.

- -

One of the major problems with using more coal is pollution from the
emissions when iE-is burned. .

Coal can be converted to a gas ‘which w111 burn relatively clean and
sulfur free. )




PRE~CHECK

(Cdncinugd)'

Assessment of Nuclear as an Energy Source

In 1980, only 12 percent of the Unlced States electrical power was
being generaced with nuclear fuel.

Public oplnlon and government pollcy are the main obstacles to in-
creasing nuclear electric generation.

5

The U.S. had” over 100 dperable nuclear electric generating plants
ia 1980. -

If nuclear fusion reactors are developed for commerC1al use, it

vastly decreases the need for fuel and the producclon of radioactive
. waste.




PRE-CHECK KEY

ASSESSMENT OF CONVENTIONAL ENERGY SOURCES

Assessment of Oil as an Energy Source
_ , - .

False
False,
True
True

;?-2h Assessment of Gas as an Energy Source i

1, True
2, False
3. fTrue

I "-. : . _‘_"‘ 4/ - -
Ip-3. - Assessment of Coal as an Energy Source
N < - , d

LI

True

L2, True
. True

. True

".IP~4. . Assessment of Nuclear as an Energy Source

True
True . .
False (about 72)
True ’ .




ASSESSHENT OF CONVENTIONAL ENERGY SOURCES

P

2 -

1p-1." Assessment of 0il as an Energy Source
OBJECTIVES
Upon completion of this instructional package, you will be able to:

hIdentify and discuss at least two factors affecting the price of oil..
List and discuss three factors that affect the time before our supply
of oil is exhausted as a major emergy source.

Name the limitations of oil supplies.
List ecoﬁgmic and poiitical effects of -depending upon foreign oil.

- -
h— .

RESOURCES

Books: .

Two Energy Futures: A National Choice for the 80's. American Petroleum Insti-
tute, 2102 L Street, NW, Washington, DC 20037, August 1980. 34-54.

Energy-Environﬁent Source Book. -Natiomal Science Teachers Association:
’ 1742 Comnecticut Avenue, NW, Washington,—-DC ' 20009, 1975. 115-116.

- 1Y
Magazines:

- - .

""0il Lifeblood.”" National Geographic, February 1981. pp. 58-59..

? ”




ACTIVITY
h Y -
Read each of the resources listed.
According to the Energy-Enviromment Source Book, page 116, 52 billion
_ barrels of oil is the total recoverable from identified oil fields in the
United States. A chart on page 23 of Two Energy Futures shows a daily
production of 10.2 million barrels. : :

Assuming production remains stable, calculate the.number of years before
‘our known recoverable reserves are consumed. .(Note: The U.S. consumes
over 18 million barrels per day.)

Answer:. years

What is the immediate problem with depending upon oil as a major energy
source? ' Write two.or three sentences (economzc—polztlcal)

What geographic areas of the U S. have the most potential for new 011
dLSCOVErLes? .

B ) [ ]
Read the attached information sheet. Which two sources of energy aré pre-
dicted to be incredsed significantly?

1.

~ FEEDBACK
— @

. Objective A - D Check:

14 years = 3723 million barrels per year

Dependence upon imported oil —- it¥ effect on our economy -- unstable
supply line

Offshoré and Alaska

. Coal "= Nuclear

*




; IP-1- Information Sheet

ALL ENERGY USE IN U.S.A.

Actuak , Predicted - -
. 1979 ‘ 1995

. 0il ‘ - S a1.5% - 35.1%
Natural Gas s 25.5% - U T Unoen2%
Coal T A ' 19.3% 34.3%
Hydro ‘ ’ 4.12 3.5%
Nuclear o - 3.5% . S 1100%

_TOTAL ENERGY USE. - 78.0 Quad - 115,62 Quad

1

Notes: 1.  73% of all energy used in the U.S.A. during 1979 came from oil
and™natural gas. ’

2.* One. Guad ='1015 BTUs = 175,000,000 barrels.of oil.

- -

s oz . .. ¢

Source:. Professor Doolittle, speaker at workshop, 6/16/81

—




ASSESSMENT OF CONVENTIONAL ENERGY SOURCES

IP-2. - Assessment of Gds an. an Energy Source.

OBJECTVES

1

Upon completion of this instfgotiqnal péékage, you will be able to:
A. List ;he'advantages of-gas. as-a fuel.
B. Discover the supply limits of natural gas.

+
k]

-RESOURCES

" Books:
Same as IP-l.
Haga;ines:

"Natural Gas - Clean, Coﬁvenient, and Cheap:" National Geographic, February
1981, pp. 60-61. T f




- ACTIVITY

A, Read the resources listed, e : .
B, Accordlng to the Energy-EnV1ronment Source Book page 11? 290 trillion .
cubic feet of natural gas is the total recoverable from identified flelds
The annual cbnsumption of natural gas_is apgroxlmately 21,000 billion cubic

feet. Assuming that consumption remains stable, calculate the number of
years before our known recoverable reserves are depleted.

Answer: years )

5 H -

The highest estimate of undiscovered natural gas resources in the U.S. is.
655 trillion cubic feet. At a consumption rate of 21,000 billion cubic.
feet, calculate the number of-years before the projected reserves of gas
would te depleted. '

g

Answer: | . years

FEEDBACK

-

Obieccive B-C bhéck:_

13,8 years

31.2 years

PAFullToxt Provided by ERIC




ASSESSMENT OF CONVENTIONAL ENERGY SOURCES

(=3

IP-3. Assessment of Coal as an Emergy Source
OBJECTIVES
Upon completion of this instructional package, you will be able to:;

. Estimate the number of years that coal supplies will last based on.present
consumption. oo ' - :

Name and discuss the “environmental problems associated with coal.

&
L

¥

RESQURCES

"

. Books:

Two Energy Futures: A National Choice for the 80's. American Petroleum Insti-
 tute, August 1980, pp. 62-86. “ ’

Energngnvironment Source Book. National Science Teachers Association, 1975,
pp- 114-115.

-~

Magazines: ' 2

Young, C. "Will Coal be Tomorrow's Black Gold?" National Geographic, -August
1975, pp. 234-259. ' '
!
' /




ACTIVITY

A. Read the resources listed. - -

B. According to the Energy-Enviromnment Source Book,:page 115, 3.2 ctrillion
tons of coal is the total U.S. coal resocurces. Assuming that- the annual
U.S. consumption of coal approximately doubles to 1,200 million tons,

-7 Tcalculate the number of years before ocur known recoverable resources are
depleted. - :

Answer: - years

Note: - The U.S. is an exporter of coal and this was not considered in
the consumption. Therefore, U.S. production exceeds U.S. con-
sumption and the number of -years of reserve is less.

Complete the chart below which shows the environmental problems of ceal

divided as shown. '

SITE ' WORKER

' 5; . ' a.
‘MINING b. b.
: .C. . c.

POLLUTANTS EF?ECTS,

2-

BURNING b.
' -

d.

-

FEEDBACK

L J

Objective- A~C Check:

B, 2,666 years

C. SITE : . WORKER

a. reclamation of site, a. injuries .
b. erosion b: illness (black lung)
¢. pellution of water near site ¢. deaths

" POLLUTANTS , EFFECTS

‘a. sulfur oxide - a. acid raims =
b. nitrogen oxide ' b. greenhouse effect
¢. carbon dioxide ' : '
d. particulates (dust, fly ash, etc.)

' 36




'ASSESSHE&T OF CONVENTIONAL ENERGY SOURCES

IP-4. Assessment of Nuclear as an Energy Source

OBJECTIVES

Upon- completion of - this instructional page, you Gill be able to:

Cite factors which will affect the amount of energy available from nu-
clear fuel. _—

List and discuss the advantages of nuclear energy as a fuel.

RESQURCES

Books:

Same as IP-3. (Two Energy Futures, pages 37-94) (Energy-Environment, pages .
118-121) - - . '

e

Magazines:
<

"The Promise and Peril of Nuclear Energy." Nationmal Geographic, April 1979.
pp. 459-493. .

-

"Uranium - Too Hot to Handle?" National Geographic, February 1981. pp. 66-67.




ACTIVITY
A. Read the resources listed.

B, Refer to resource "The Promise and Peril of Nuclear Energy,“ National
Geographic, April 1979, and answer-the following questions:

1. What is the cost of a pellet of enriched uranium for a nuclear
reactor? 5

2. The energy content of each pellet is about the same zs
barrels of oil.

What is the wminimum dose of radiation that would be lethal to mest
people?

FEEDBACK

Objective A = B Check:’

7

. B. 1. $5 to $10 (p. 461)

2. & barrels (p. 461)

3. ° 600 rems (p. 466)




: POST-CHECK

- ASSESSMENT OF CONVENTIONAL ENERGY SOURCES

F

Name- at least two factors which dffect the price of oil.:

IName two factors which affect the ‘length of time before the world's oil
supply is exhausted. s -

Name a man-made material which is deéveloped from fossil fuels.

List three economical-political effects of importing quantities of oil
at higher and higher prices.

The total energy used in the U.S. during. 1979 was approximately
quads. ) .

The total enérgy usé éredicced for the U.S. during 1995 -is qeads.
One quad is equal to _ BTU's.

1f the U/S. is to continue to use natural gas at the present rate for the
next 45 years, we will have to find approximately

a. 100% B. 200% C. 300% D. 50%

more than presently known reserves. | |

List at least Cwo‘advanc§ges of natural gas as a fuel.

Which nation has over hailf ché free world's known supply of éoal?

In 1980, nuclear plants brovided about 12% of the electricity produced in
the U.S. "The electricity out of these plants was equal to approximately
million barrels a day of oil.

Given the size and number of nuclear reactors which have construction
permits or limited work authorizations, experts expect that nuclear
energy in the U.S. can:

<

a. Double b. Triple | c. Quadruple

. 3 T - - - - - - -
List three factors, other tham public opinion, which are limiting the
development of nuclear reactors in, the U.S.

In addition to the problems of mining coal, pollution from burming and
solid waste disposal, there is one more obstacle for rapid expansion of
coal. It is ) . .




POST-CHECK KEY
ASSESSMENT OF CONVENTIONAL ENERGY SOURCES

supply vs. demand
" cost of recovery.
cost of exploratioén
artificial costs added to reduce demand
L] - .
conservation
the success of future exploration
development of alternative fuels which can be provided. cheaper than
oil . . -

Plastic
a. unfavorable Balance of trade

b. inflation
c. falling value of the dollar

78 Quad )

115. Quad .-

One quadrillion or 1015.ﬁTU'§

c. 300%

a. relatively clean burning -

b. few environmental problems in obtaining it from the ground c.

convenient to use ~— continuous delivery
d. .presently cheaper to purchase per BTU

'The United States

1.3 mbde

b. Triple

a. enrichment services by federal government
b.. storage of spent fuel

c. licensing of plant

d. large capital outlay

Transportation (railroad capacity, port capacity, the development -of plpe-
lines) - .
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ASSESSMENT OF SELECTED RENEWABLE
ALTERNATIVE ENERGY SOURCES

The field. of rescarch and -knowledge are expanding rapidly in the area of
renevable alternative energy sources. If is not the intention that this module
cover the assessment of this whole #res: Its purpose is rather to provide a
starting point. - o

4

TERMINAL PERFORMANCE'OBJECTIVE

.After completlng the module the student will be able to identify the:
‘meaning of 90% of the terms used in this module relating to renewable alter-
native energy sources and their assessment. He or she will also apply evalua—
tive factors 1nc1uded in the module to selected alternative energies. ’

INSTRUCTIONAL PACKAGES : " KNOW
~Ip-1, Terms
IP-2.° Splar Energy

IP-3. Wind




PRE-CHECK

ALTERNATIVE ENERGY SOURCE ASSESSMENT

MATCHING -~
[Select the best.match. (Fbprteen of the fifteen should be ;ﬁswered‘correct- -
ly to test out of the modulé, )] .o : - ‘

P=1.. Torms . 1P-2. - Solar Energy 1P-3. . Wind

Wood . 5, . Darrieus

Wind o R Ethanol

Geothermal | : Voltaic cell

Sotar Combustion

Pyrolysis Continuous Alternmative Source

- OPEC Steam

Assessment Energy Unit

Therm Organic Waste

Biomass Criteria

Silicon Trombe Wall

Degree=-Day Phase Change

Retrofit Inercia .

Gyropower Ambient Variation
Alternation

Radiation
Elec tromaﬁ%

Bk —
MDA

1]

0O ~F O

-

O

+’

ozz_:—*:-:c..p_::n-umc’b

— et
W e O
L

Latent
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PRE-CHECK KEY

ALTERNATIVE ENERGY SOURCE ASSESSMENT

' 1_]?:-2‘. Solar Energy - 1p-3. Wind

o+

D
A
F
-J
H
E
1
G
B
¢
M
N
L
0
X

N R R B X




ALTERNATIVE ENERGY SOURCE ASSESSMENT

1P~i. Terms

OBJECTIVES.

'Upon completion of this instrdctional package,‘you will .be able to: "

Write out the meamning of 90% of the terms listed in this lnstructlonal
package

Complete the terms search puzzle and write out the secret message.’

List at least flVe (5) reference sources 1nc1ud1ng books and magazines.
(from, the local library or wherever) on the topic of alternatlve energy
sources.

'RESOURCES

Books:

Successfuly Alternative‘Energy Methods. Ritchie, James. Structures Publish~.
ing Co: 24277 Ludoplex Circle, Box 1002, Farmington, ME, 1980.

Introduction to Emergy Technology. Shepard, M.L., et al. Ann Arbor Science
Publishers, Inc.: Box 1425, Ann Arbor, MI, Softcover, 1978. )




© ACTIVITY 3 :
A, Hrite out thé\meaning of each of the following terms:

| _
Alternative - ‘ \a . ’ : Photosynthesis = -

Assessment - | Pyrolysis -

Biomass - N Radiation -

BTU - - Y , Renewable -

CcoP - - Retrofit -
Cell - \ o " Savenius -

Collector - ' : E ) €ilicon -

Critéria - E Solar -

Current - | Y Seild -

Darrieus - ) o 3 Temperature: -
. Degree Day - | . Therm -

Efficiency - ‘ : ‘Tide - -\,
Ethanol - . Trombe =

- i

Fuels = _ ) : Waste -

i . E »

‘Geothermal - - . . Watervheel -

= N ) -
Gyropower ~\kaves

.-
‘Heat - ... Wind -

»

Hybrid - ™. . Wood -
- - ER

. . L k%
Latent - . R Factor -
. RN

Methanol - ' U Factor -
QPEC -

Payback -

Passive -




"ACTIVITY (Continued) .«

B. Enclose the terms of this unit in a box as illustrated and write out the
secret message. - .

-

List at lcast five (5) reference sources from the library or elsewhere,
Thege can be books or magazines with appropriate articles relating to
alternative energy sources. Include a2 comment of content on each refer-

ence.

ldentify by ligting the conventional energy s$ources as oppoged to alter-

native energy sources. .

PAFullToxt Provided by ERIC




FEEDBACK

Objective A - C Check:

*
Turn in your written LCrm meanings.

bl

Turn in your completed terms search puzzle.

Turn in your annotated reference list and list Qf conventional energy
sourTCes . . N y ’ %

-

PAFullToxt Provided by ERIC
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ASSESSMENT OF ALTERNATIVE ENERGY SOURCES

ipP-2. Solar Energy

-You have learned frgg;che terms search puzzle that solar energy is our
primary source of energy here on earth. The sun not only provides oar warmth
and daylight, it causes our weather including the wind, rain, snow, the rivers
with their hydro~power, ocean tides (with che moon) and ocean currents, and
.also all of our food and fuels. Animals are dependent.upon plants and plants
are produced cthrough a process of photosynthesis. This process is also neces-—
sary for producing present fuels including wood, alcohol, and others along with
our. conventional fossil fuels, which formed over millions of years under extreme
pressury. :

We are also continuing to learn how to use the sun more directly through
solar heat borh passive and active. We are applying solar €0 the heating of our
homes, waler, and, othcr processes There is much to be learned about solar
energy.

OBJECTIVES .
Upon completion of this instructional package, you will be able to:

A. Locate an articlé that compares solar systems and indicates three pros
and cons for various systems.
i
B. Construct a coffee can solar collector and compare threeé types of cover
materials and different types insulation and discuss the results.

C. l.ocate a solar installation in the area and make a 31mp1e sketch of it
" indicating the type and purpose.- -

RESOURCES

Books:

Solar Houses ~ 48 Energy-Saving Designs. Gropp, Louis. ' A House and.Garden
Book, Pantheon Books a Division-of Random H0use Tnc., New York, 1978.

Energy Primer - Solar Water, Wind, and Biofuels. Merrill, Richard, and Thomas
Gage. Dell Publishing Co., Inc.: 1 Dag Hammarskgold Plaza, New York
NY 10017, Revised Editiom, 1978.
& .
Solar Enérgy Projeer - An Overview. U.S. Dept. of Energy, Assistant Sec~
retary for Conservation and Solar Energy, Office of Solar Appl:cat:ons,
washington, DC 20585, DOE/CS-0124, 1980 . . .

a

El

57




RESOURCES (Continued)

Books:

Factsheets and Other Matcrials, HNational Science Teachers Association, Dept.
of Energy, Tcchnical Information Center, P.0., Box 62, Oak Ridge, TN 37830C.

-

Magazines: C s

Solar Age and New Shelter: Néwg Stand.

Instructional Sheet: IP-2-2




ACTIVITY

‘A,

Locate an article from a source such as "Solar Age" or "New Shelter," .
(May/June 1981, "Five Solar Systems Compared: Which One is Best for You'?)
that compares solar systems and list three pros and cons for three of the
systems. : )

From DOE/CS—-0124 - Construct a Coffe; Can Sblar Collector as indicated and
graph the results. The materials needed will be:

ne ! 1b. coffee cam with plastic cover or similar can
one 3 1b. coffee can with plastic cover or similar can
one  standard laboratory thermometer (-0 C to 110 C) -

_Assorted pieces of transparent and translucent materials such 2¢ plastic
wrap, polyethylene, waxed paper, etc. (large enough to cover. the small can)

one watch-or clock with second hand

one can of flat black spray paint

Lécate a solar installacion in the area and make a sketch of ir. Indicarte
the type of installation (passive, active, or hybrid) and its purpose
(water heating, spaCe heating, or combination) using what process. Please-
explain. ' :

a

*SEE INSTRUCTIONAL SHEETS IP-2~1 and 1P-2-2.

. FEEDBACK

BbjecCrive A-C Check:

A.

.

B.

-

Turnt in your comparative article evaluations.

Turn in your graph obtained from the Coffee Can Solar Collecrtor.

t
n

Turn in your sketch and comments of the solar inrscallation.
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INSTRUCTIONAL SHEET 1p-2-1

plastic cover with center cut

y out leave about 1 ¢m rim O
- cover |
@ . . . -

b coffee can
— collector

— hole punched l'o fir fhe'rmometer % b cSffee <o

~ thermometer

Spray the inside of the smaller can with black paint.

Punch a hole in the side of the. small can to flt the
thermcmeter. .

=4

Punch a hole in the outer can so that the thermometer

can pass througn it. Allow for the insulation being placed
in the. outer can. Small can will rest on this, not on the
bottom of the outer can. .

Cut the center out of the small can's plastic 'lid, leaving
a lem. rim. (See diagram above).

Choose one of the cover materials to stretch across the top
of the smaller can. dold the materlal secure by replacing
the. cut out plastic 1lid: .

Put the small can inside the'larger_éan.

-

Insert the thermometer through the hole in the large camn -
and then fit it snugly into the smaller inside can. -
Place your solar collector in the sun and record the
temperature each minute for 15 minutes.

Plot the data, temperature vs. time, on a’ graph Compare
* your results to the results of those students who used
other cover materlals. e

-

AN

£
=

—
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10. Repeat procedures #7 ‘and #8, bur this time use an insulation
. material such as cotton. Make sure you put the insulating

material in all the spaces between the two cans includin '
the space underneath the center can. After you collect this
- data for cotton, try 3 oor 4 other insulation materials.

11. Compare, on the same set -of graph axes, the various types
of insulation used. You may need to ask your teacher to
nelp you with this graph.

. LOOKING BACK

Solar collectors car be made from a variety of 1nexpensxve
rcadily available materials. The goal of the design is to permit the
soldr energy to be trapped and converted into heat. One indication of
collector performance is the change in air temperature achieved.
Collector pcrformance can be changed by altering the covering material
through which the sun's rays pass and alterlng the insulation materials

used
. ’ -
QUESTIONS '

1. According Co your graphs, which type of cover material on
the small can appeared to be most effective?

2. Why is it necessary to use insulation in a solar collector?
Which type of insulation seemed to work best? .

3. Of those materials you used, which combination of glazing_
and insulation material would you recommend for a sclar
collecror? . -

" GOING FURTHER

> What effect does the slant of a collector have on the temp-
erature attained? Try different angles of orientation
(slant toward the sun). . v

- What effect would sub-freezing temperatures outdoors have .
on temperatures attained? Would solar collectors be practical
in colder climates?

-

- How do wind or cloud cover affect the collector’s performance?

- How would addlng an additional cover to the outside can affect
performance7 - .

-
-

- Would changing the color of the inside of the small can
affect the energy collected?
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& -1

IP-3. Wind
OBJECTIVES
Upon completion of this instructional puékage, you will be able to:

Classify twenty (20} wind cnergy converters as illustrated according to
drag .and axis factors.

Match the names of ten (10) wind macﬁines:with their illustratioms.

Construct an anemometer wlth $1mp1e materials as 111u$trated in the acti-
vity.

o

Use the anemometer to take. and record wind speed measurements in his or
her area.

Apply two equations concerning wind velocity.and blade diameter as glven
in the introduction and work two wind problems.

RESOURCES

Books:

Power., Primer Mover of Technologz; Duffy, Joseph W. Bloomington, IL: -
MeKnight, p. 13-15.

Wind and Windspinners.  Hacklemann, A. and W. House. Earthwind: Saugres, Ca

The Dutch Windmill. Stokhuyzen, Frederick. Universe Books: New York, 1963.

Producing YOLr Own Power. Stover, Carol. Rodale Press: Ermaaus, PA, 1974.

The English Windmill. Wailes, Rex. Routeledge and K. Paul: London, 1967.

) <
" Magazines: ' .

"Watts from the Wind." Bué&ﬁalter, L. Mechanix Illustrated, March 1973,
pp. 40-41. :

"Interest in Winds Is Picking Up &$ Fuels Dwindle." . Clark, W. Smithsonian,
November 1973, p. 70. -

-

"Overview of WECS Program.” Divone, L. Proceedings of the Second Workshep om
World Energy Conservation Systems, ERDA, Washington, DC, June 9-11, 1975,

4




RESOURCES {(Continued)

Magazines:

Building a Wind Tunnel. Estes Industries, Technical Report TR-3.- Penrose,
Co, 1965. . -

"Can We Harness the Wind?" Hamilton, R. National Geographic,-Decembér 1975,
pp. 812-828. . I

"Measure the Speed of the Wind."” Hawkins, H. and J. Ferliot. Industrial Ed-
cation, May/June 1975, p. 46-49. :

T

“Windpower." Kruger, J. Popular Science, January 1976, p. 103.

“He Rides on the Wind." Lindsey, E.F. Popular Science; August 1975, p. 56-59_

-"Nindpower in a Drum."” Moran, E. Popular Science, August 1975, p. 104,

"yind—powered Shop." Moran, E. Popular Sgienca, July 1976, p.“93.

“Eggbeater Windmill.” Srepler, R. Popular Science, May 1975, p. 74-76.

-

&

MThe American Scienfist."” .Strong, C.L. Scientific American. October 1971,
- P {QB. ) . T .

"A Windcharger for the Attic.'" Torginon, J. Mechanix Illustrated, March 1976,
p- 31-33. ’ " : ;

T

"Wind Power." ‘Popular Science, March 1975, p. 82.

Other:
Energy Conservation.Resources for Education. Department of Industrial Educa- .
- tion, Texas A&M University, College Station, Texas. . a

‘Instructional Sheets, IP-3-1 - IP-3-16.




Instructional Sheet IP-3-1

WIND ENERGY
- ¥

Introduction

Harnessing tﬁe Wind

| We canﬁot_begin to replenish the stored energy of the earth quickly enough
to meet future:energy ﬁse levels. Ninety-six peréent of ghe ﬁ. S.'eﬁeréy is now
produced by fossil fuels and the-?ossil fuels are being used up‘fapidly. -

A grOwing:number of scientistS seek to harness the constant, dependable
renewable energy of the sun ggvheat and cool‘builéings as well as to pfoduce
electricity. One concentrated by-produét of solar ene;gy is the wind. In the
1920's and 1930's, befpre,ﬁhe-pOwer companies g;n their lines into many‘rurall
areas, wind ﬁowér had a brief }Opular;ty. Some 50,000 small wind machines each
producing three (3) to ten (10) killowaﬁts were'ssld to peoplé livinglin the -

United States. Most of the generators were taken down or allowed to, rust when

rural electrification became available. ”

Today, sales are Booming again. People are buying small wind -generators as

fast as they can be manufactu?ed. 'Energy‘planners in government and industry
" are raking windmillé very seriously. B

| During the pas£ 40 years, the Russians, Dgnes, Germans, and British have
.built large windmills in search of 1ow-cost‘desigﬁ for a winé eﬁergy conver-
‘sion system (NECS). The most massive éxperimegtal wiqdmiil was American-made,’

buil£ during WOrld-War II on Grandge:é Knob, & hill outside Rutland, Vermont._
. Tbe’maéhine was 110 feet high, éng the two bl;des of the propeller, joined at
. the hub, rogether weré 175 feetr long. Ihié was not the oniy large systemz-

attémptedt Al)l of these"experimental efforts dating back to the 1930's worked )
proving rheir tecﬁnicallfeaSibility. Currently,” the capitél cost per KW for

high performance WECS is too high to compere with most other forms of energy.”

However, the continuous increase in costs for fossil fuels added to

u
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-

”»
-

research findings fof lower’NECS costs will soon make wind generators econom- |
jcal]y feasible. Advantages of WECS are summarized below:
a. Feasiblé alternative source | :
b. Non-depletable supply
c. Independent of foreign sources

d. Exportable technology and products

e. Moderate sophistication

f. Low environmental impact (no pollutidn)' . o .

[

The Effect of Wind Sbeed ard Rotor Size : :

When the’ wind velocity increases, the power derived from.the wind p

i L ]
increases. To find out how much the power increases, divide the second wind
speed by the first wind speed and cube the results. For example, on Tuesday
the wind speed is 10 hph and on Nedngsday'it is 20 mph. What is the differ-

ence in the ahouq; of power that could be produced on Wednesday?
3 :

20 mph> - T 3 o ) -
(owpn) =~ (@7 =8

-

There“would be eight times as much power avaiiable on Wednesday as there

was on Tuesday..

r

~ Also, when the blade for propeiler) diameter increases, the power in-
creases. :To find the power increase, divide the larger blade diaméter by
the smaller blade diamenter and square that fraction. For example, 2 200 ft.

blade wiil produce (2)2 or 4 times the amount of power as a 100 ft. blade.

200 ft.°

. 2 . ' :
(oo fey - B = 4 . .

An increase in'the number of blades will p‘rovide more turning force at

Tow speeds. This conceﬁt is used for water pumping. Fewer blades provide

more energy for their cost. In small wind machines with blades 20 to 40

65

O . " Lk ; ?? : ' -
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feet in diameter, three blades are probébf& best in terms of cost and bal-

ance. In larger wind turbines two blades are better.

[}
+

Types of Wind Energy‘Convefsion Systems

Machines with rotors ' :

x

1. Horizontal axis rotors (head-on): the axis of rotation is parallel
to the windstream. ’ :

c

US. Farm Windmitt i

’ Muti-Bladed :

2. Cross-wind horizontal axis rotors: the axis of rotation is both -
horizontal to.the surface of the earth and perpendicular to the
direction of the windstream, somewhat 1ike a waterwheel., Not

-very effective. . : ‘

*

X

Cross-wind Ssvonius Cron-wind Paddies

3. Vertical-axis rotors: the axis of rotation is perpendicular to both _e
the surface of the earth and the windstream.

$-Ontrieus




INLTRUCTIONAL SREET IP-3-4

Translational wind machines

1. Sailing ships

2. Sailing ships thatcarrywater-driven turbines mechanically con-
nected to an electric generator. .

9_3. Land vehicles driven by sails or solid airfoils on a closed track or
roadway with their wheels mechanically linked to an electric
generator. . X : .

. Horizontal axis rotors

1. Can be either 1ift or‘dragﬁdevicés.
\

Bicycls Multi-Bisded Crbwwing P):d_dlu

. 2. May be either up-wind or down-wind rotors.

o ¢% 'ﬁ><ﬂ——:—<

Down-Wind

o
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. Can be des1§ned with different numbers of blades, ranging from one-
bladed devices with a counterweight, to devices with large number of
blades. :

v

snumbuﬁh
o . Double-Bladed
..May be either yaw-fixed or yaw-active. ' L

. Yaw-fixed cannot be rotated into the wind--used where provailing
winds are from one direction. *

. Yaw-active will "track” the chang1ng direction of the wind. Small
systems use a tail-vane, whereas Targer systems are normally servo.
controliled. . :

Vane yaw control

»
Servo yaw control
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o

5. Propeller speed control (overspeed protection}

a. Changing the pitch'of the blades.
b. Flap rotating with the blades.

c. Flaps on the blades.

d. Devices that turn the propeller sideways to the wind.

EE -

PATENTED AIR-BRAKE

MY .

Ny y
. o
\-

'ﬂ;mﬂu“ “Marmel”

GOVENOR

QOparalas by centrifugal forcs.” When
wind velocity exceeds 231 miles per
hour, govermnor flaps automatically

-opsan and spread ‘wind away from

propeiler (See ltustration). Govermor
also acits as a fly wheel 1o main-
lain even propeliar speed and slim.

. insle vipration in gusty wing.

Thege-blade wind-drwen power piant,

6. Drive, or power outpuf

a. Direct coupling to rotor shaft.

with automatic, varisble-pitch propelier,

/

*b. Circular rim attached to blade tips to drive a secondary shaft

connected to generator or power output.




Yertical-axis rotors

Levoniue

1. Major advantage over horizontal-axis rotors is that they do not have
to be turned into the wind as the cl'lrectwn of the wind-stream vanes.

2. Those that use p'lates cups or turb1 nes are drag dev1ces. '

:
. 3 Savomus and Darneus type rotors are 1ift type dev1ces.

S‘VONI,I.E ROTOR DARRIEUS ROTOR

CHARACTERISTICS:
CHARACTERISTICS: ) .® Mot SethStarting
. ® Seil-Starting . High Sped
® Low Sosed T Hgn Efficiancy
& Low Effichency Potentially Low Capitsl Coit
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*

Activity ) _ . T :
Instructions:

For both groups of
descripters in the
left hand column

_ place a check mark
in the appropriate
box below eagh
wind machine that
best describes it.

{15, Farm Windmll
Multi-Bladed

1)
g-f—dl LJFHS TYNOILONNLSNI

' Aifon
’ ¢‘Dllni¢u.| . Mt fotor

=
LIFT TYPE -

({2
L]

ir
4

1L

DRAG TYPE

‘ COMBINATION

LY

HORIZONTAL AXIS -

VERTICAL AXIS °

TRANSLATIONAL -

N

8178 ~d |,

-
. *




n

‘Bicycle Multi-Bladed

LYFT TYPE

DRAG TYPE

COMBIRATION

HOR1IZONTAL AXIS

VERTICAL AXIS

85
TRANSLATIONAL

6-£~dl 1AINE TVROTLONYWISN]




SavaniutiP-Dacrieus

LIFT TYPE

|DRAG TYPE

2

COMBIRATION

HORIZONTAL AXIS

VERTICAL AXIS

TRANSLATIONAL




N
- I

s

- Spht Savonius

Cromiwming Pasdles

LIFT TYPE

DRAG TYPE

COMBINATION

HORIZONTAL AXIS

VERTICAL AXIS

TRANSLATIONAL '

[1-€-d1 Z9aHS TYNOTIOMRYISNT
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Combination ‘
Horizontal
Vertical
Translationa)

Answers

Activity 1

U.S. Farm Windmill
‘Savonius
P-Darrieus ]
Multi-Rotor

Airfoil

Bicycle Multi-Bladed
Multi-Bladed Savonius
-Darrieus

Up-wind

Megnus

Three Bladed
Giromill
Cross-Wind Savonius

Down-Wind

-Split Savonius .
Sail wing
tubped
Turbine .

Cross-Wind. Paddles
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Ac;ivity 2

Ideritify the wind machines shown in the pictures by placine the correct
letter from the column of names below each picture in the space provided.

NAMES

A. U.S. Farm Windmiil -~
B. O Darrieus ‘ .

Megnus
Turbine
Counter rotating
‘blades

. Giromill
‘Cross-wind savonius

. Darrieus
Aifioid

. Multi-rotor

. Savonius
Double-bladed




o
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Activity 3

Spirit Level glued to
protractor

Handie
¥ X 10" dowe .

Index Hole

Plastic Protractor

N

Honofilément Nylon

(12" from index hole .
of protractor to
top of ball) :

Tahle Tenniz Ball

-(Pierce hall with two
diemetrically opposed holes,
thread nyleon through the’
holes and cement at bottom
hole.)

~WIND VELOCITX METER
" (Anemometer)




~
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%

1P-3 1~1§

2

Record of Wind Speed Measurement

Activity 4

N .

Measurements taken and }ecorded by:

Address where measurements taken:

. ) Wind Speed
Date Time .of Day Protracter Angle {mph)

0 oo |~ o o fos oo |mo e

Angle Miles Per ﬁour
90 | 0
85 5.80
80 8.23h°
10,1
11.8

13.4

14.9

16.4
so  18.0
45 . 19.6
o 214
35 23.4.
30 25.8
25 28,7

20 32,5

i | |

To find the average wind speed add a1l of the wind speed measurements and

"

. divide this total by the total number of observations made. Example: If the

total of all wind speed measurements was 330, and this was the result of 30

%

observations during the month, the average wind speed for that month would be:

30

| 94 s

330 = 11,mph. What is the average wind speec for your area?

&
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Wind Energy Problems

(Activicy 5)

Write down the two cquations concerning wind velocity increase and blade
diameter increase. Use them to answer the two following questions.

Whatrafe the different amounts of power produced by a 5 mph wind, a 10
mph wind and a 15 mph wind, using the same siz<® rotor? Assume chat a-
.5 mph wind produces 10 watts. ) '

‘ -

1f the wind was blowing at a coenstant épeed, what differences NOuid
there be in the energy production if you switched from a 5 inch rector to
a 10 inch rol':.or? ¢ #

"FEEDBACK

Objective A - E Check:

Please submit your activity sheets to your instructor for approval

R

Signature: .
. Instructor”

-2




POST~CHECK

'ASSESSMENT QF ALTERNATIVE ENERGY SOURCES

The most massive experimental windmill was built during

A 1940's o C. 1960's
B. 1950's , ' D. 1970's

-

2

The primary reason for wind energy conversion systems' lack of competition
is .

A. _cost per KW is too high C. environmentalist gpposition
“B. not reliable D. lack of high strength blade metals

-

1f the diameter of a rotor blade is doubled, how much does the powér in—
crease? ) . . N

A. 2 times as much C.; 8 times as much
B. 4 times as mu

imes as much " D. doesn't increase at all

-

A general rule might be that tbe larger the turbine -

B .

A. more blades are needed C. bigger blades are needed.

B. fewér.blades are needed D. small plades are needed > .
s

] "

< - L . | . .
If the wind speed doubles, how much will power from a wind turbine genera-~
_ tor lincrease: : :

- - ; q -

A. 2 times as much . C. 8 times as much
B. &4 times as much °’ D. will'notsincrease

«

&

There are three types ©f machines with rotors: the horizontal-axis retor,
vertical-axis rotor, and the . .

A. translational axis rotor . C. cross-wind\horizontal axis rotor .
B. yaw active axis rotor D. reircular-wind axis rotor

> | L]

The least effective of the three basic types of wind machines with rotors _
the . - . _ -

A. Thorizontal axis rotor ' C. c¢ross~wind horizomntal axis rotor

B. wvertical axis rotor . D. translational axis rotor

L

= o

Savonius and Darrieus type rotors are

[

A drag devices C. horizontal axis dkvices
B. tramslational devices D. 1lift devices

- - .

.

PAFullToxt Provided by ERIC
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POST-CHECK (Continued)

-The ‘major aduan;age of vertical-axis rotors over ‘horizontal axis rotors is

I b

[

-

-

they have to be turned inte the wind
their wheels have to be mechanically linked to am eleCtrxc generator
they must be servo controlled

PAFullToxt Provided by ERIC

Yaw-fixad- wind devices

A. cannot be servo controlled - . -cannot use a tail-vane
L . - - - -
B. -camnot be rotated into the wind . .cannot have moré tham 3 blades
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-- -ECONOMIC ASPECTS (COST BENEFIT} OF ENERGY SOURCES

OQur economic system is highly dependent upon an adequate supply of energy.-.
If the energy ‘supply 1s interrupted, the following economic problems will de-
velop—energy shortages, inflatidn, unemployment, trade deficits, and-the de-
cline in the value of the dollar in world markets.

~In this module, you will. explore the effects on the economy in chooslng
energy sources. - .

A

™

TERMINAL PERFORMANCE OBJECTIVE S S .

] Analyz& the economic aspects of an energy source as 1t "relates
" consumer and producer.

INSTRUCTIONAL PACKAGES

IP-1. Recognize Energy Sources

iP-2. Descr1be the Procedure in Computing- Cap1tal
Outlay for an Energy Source

- IP-3. Determlne Production Cost of an.Energy Source

“IP-4 ’ Expla1n How Capital OQutlay and Product1on
Cost Affect Consumer Prices

a

IP-5. Determine Recovery Cost of an Energy Source

Rssovacss

. - -3 .
All resource 1nformatlon for all 1astruct1onal packages is -included on the
resources ‘sheet. - '

See Resource Sheet.




PRE~CHECK

ECONOMIC ASPECTS (COST BENEFIT) OF ENERGY SOURCES

v

Pirectionst Provide the eorrect response to the individual test items

“IP-1.

'Recognize Enef3y Sources

quired im each statement. . - ‘

—

-

Name three fossil fuels.

A. . - ~— B.

e

_Name three alternative fuels.

A. ] , B.

o -

Name the pr1mary\source of - energy that meets the least percentage ‘M
of U.S. energy demand . . :

[

Fd

Descr1be the Procedure -in Computlng Capital Outlay ‘for .an Energz

.Source”

Name three consideratiens necessary in comput1ng the capital needed
to invest in an energy source..

. N

v

f L

‘A 3 _ B. R <

.

Write your formula-for determining the amount of capital needéd for
any source of energy.

nHow does the- energy cr151s affect capital iavestments in euergy

sources? i . .




" PRE-CHECX (Continued)"

ECONOMIC ASPECTS (COST BENEFIT) OF ENERGY,SOURCES‘

~ +

Determine Produccion Cost of an,Enefgy Source

The primary economic problems resultlng from’ ever-lncreaS1ng oxl
1mports and ever-increasing prices are: :

A, Trade ‘Deficit ' . ' C. Recession

B.  Unemployment , : D. 'Short Supply

According .to estimates, at current levels of use, the U. S, has
enough coal to last approx1macely. i 5

A, 50 years . _ B. 500 years - C. 350 years

What trend is predicted for the U.S. im 'its use of che world energy
source? (Circle.correct answer)

A. Smaller percentage s
B. Larger percentage
C. . Not enough information .

s
- .

Explain How Gapfcal Ouclay and Production Cost Affect donsumer Pricés :

Which energy source has the highest cap1cal ouclay and productlon
- cost? ) . T

A. Offshore drilling ©¢... Wind -
B. Nuclear - P. Solar -

The amount of oil used ir the U.S. as compared to the amdunc‘produced
is: ' ; :

. . . . i ) . . R - a5 -
A, Only as much as’ . C. Only half as much |,
B. Slightly more than : )3 Almosc';wice as much’

Ways to dampen the demand for o0il could include all but:

A, Rationing s

B. Letting prices go up as supplies dwindle
C. Government, price controls -
D. Tax and price penalties for heavy users




4

b

oIPRE-CHECK'(Continue&)

ECONOMIC ASPECTS (COST BENEFIT) OF ENERGY SOURCES

- -

+

IP=5. -Deﬁermine-Recoveﬁg Cost of an Energy Source.

a

- 1. What.is recovery time as related to any energy source?
P a ) B .“
Thich energy source listed below has the longest recovery time? =
. . - N 3 — -
A. Electricity - o C. Natural Gas
B. 0il | T D. Solar
' ; - . °
: . F + .
What is the length of time that recovery of ‘an energy source should.
occur? _ .

e ] - r




PRE~CHECK KEY

5

4

Recognize Energy Sources

1. Coal, 0il, Natural Gas - . ! .
2. Sodlar, Wind, Geothermal
3. Solar- . - : '

Describe the Propeduké in Cémputing Capital Outlay for -an nergy
Source . | v

* - -

1. ‘Necf%rofic, Labor, Raw Materials - - ' . -

2. - Ce : ’ :
3. Increase in cost limit, greater return over longer period of time '

Determine Production Cost of an Energ§‘Squpce .

1. A
2. A

Explain How Capital Outlay.and ProductionfCqst_AffeetvConsumer'Priceé

¢ : -
.Determine Recqvéry Cost of an Energy Source

2. 4
3. 7 years

1, :Time required to cover cost of original investment

a




GENERAL RESOURCES

Listed below are resource materials that can be used for all instruc-
tional packages (IP). Other related materigl may be helpful in the completion
" of this module. - : : )

‘Books: o N

- Sears Educator Resource Ser1es, Energy/Ecology/Econom1cs Consumer Information -
Services, Sears, Roebuck, and Co., P/703 Sears Tower, Chicago, IL 60684

Interdlsq_pllnaty Student/Teacher ﬂater1als in Energy, the Env1ronment, and

the Economy. U.S. Department of Emergy, 0f£1ce of Consumer Affairs,
Washington, DC 20595

.
-

Comparing Energy CQSts. Dr. G. George Reeves, Energy Control System Ralelgh,
North Carolina 27606 (Handout included)

/ Alternative Energy. Dr. F®¥. Smetana, bepart‘ment ‘of Mechanical and Aerospace
Engineering, North Carh{%na State University, .Raleigh, North Carolina
27607 L

L] ’ L]
. Films:

Alternative Energy Sources, Kai Bib Films:

1
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ECONOMIC ASPECTS (COST BENEFITS) OF ENERGY SOURCES

-

IP-1. - Becognize Energy Sources

"

OBJECTIVES ;

instructional package, you will be able to:

Upon completion of this

A. Récbgnize eneréy'sburces (foﬁsi} and alternative fuels)

+ ¢ ° "

B. Gréup energy sources as conventional or alternative sources

"

. RESOURCES

e

- . - -»
See General Resources

I-e




ACTIVITY

. Review film strip (se

sources.

e’ General Resour

ces for tltle) related to energy

w

_ o ) - L N '
After reviewing the film strip or reading related informgfion concerning
energy sources, find a partner and choose", 2 energy source and. discuss.

its advantages and d1sadvantages

‘

AN

!

Y

After- the;oral presentations in activity B group the energy sources in:

" the correct tablé below:

s
o

\

\

CONVENTIONAL

\ ALTERNATIVE

" FEEDBACK

" Objective A Check .

- You shduld have chosen one of the energy .sources below: -
~ v . .

-

oil -
Coal '
Electricity
Ratural Gas.’

.0Objective B Check:

-

Conventional

- 011
Coal-
Electricity

(Natural Gas

' Woed

Nuclear

... Solar

Wind .etc.)

Altenative

Nucluear
:Sela-

Wind -

0il shale .

Instructer's Approval

“Have Tnstructor Sign . GO TO NEXT PAGE .
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ECONOMIC ASPECTS (COST BENEFITS) OF ENERGY SOURCES .

BPescribe the Procedure in Computing Capital Outlay ior an Energy
Source ‘ ' .

E

o

OBJECTIVE .

rl
&

Upon coﬁbletion.of this “instructional packagé, you will be able to:

. . \ . ., . \ L. ‘
Describe- 2 procedure for computing capital outlay for am energy source.’

Find the capital needed to‘invest in a,eoal power ‘plant.

L1
..

RESOURCES N
. .

-

See Geéneral Resources




1 + .
L o
» ’ ;
o
" - -, + 5 - T
ACTIVITY * ; : L S
f: ~ 'A.  Review handout on comparing energy sources. ' - .

|

[ : . 5 , . . ;

| ‘B. Using the available resource material, .develop a chart displaying some
i of the components of capital investments for an energy source. :

o 3

C.- 1In this_acpiviﬁy a calculator would be Welpful but not hecessaryf

- LRI TF

a, Determine the amount of capital needed tq'build a_power, :'“‘
_ . plant (size 250,000 KW at $1500/KW). " Coal is the fuel - '
. source. T o . ©
. FEEDBACK -~ , - : : ' , .
Objective .A Check: T
You should have listed components similar to the'follow{ng: o : : .
1. - Raw Material’ ' ' . o " S , .
2. -Labor = e e : e, T :
3. Net Profit = - v : a : S I -
.4 Fuel » ‘ T : R ot
Oﬂjective B check:f L : : .
« You should have arrived at the following: - R
($375,000,000.00)
. (250,090/Kw x $1,500.00/Ky)
Ls I . =
: “Instructor's Approval .
Have InstFuctor sign : GO TO NEXT PAGE . ¢ 5
£
. , r o T
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" ECONOMIC ASPECTS (COST BENEFITS) OF ENERGY SOURCES
IP-3. Determine Production Cost of an Energy Source
OBJECTIVE
Upon completion of this instructional 'pécks_gge, you will‘be able to:
A Recognize:econoﬁic' problems that can affect production dost.:

'RESOURCES" . ,

See General Resources

W to e
- c - |
& + ;(' ‘}



ACTIVITY

A.  .Read resource material concerning economic problems affecting production.

B. _After reading material, develop a chart with thé production problems in-
- cluded. ’ P

&

FEEDBACK

Objective A Check:

.
Y

Production problems should have been similar to thé problems listed below:
1. Consumer demand (supply and demand)

2. Labor strikes

3. Inflation -

&, ' Unemployment

3. Etc,

Objective B Check:

Included in charet.

Instructor's Approval

El
*

Have Imstructor sign ___ GO TO NEXT PAGE
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" ECONOMIC ASPECTS (COST BENEFITS) OF ENERGY SOURCES .

e .

1P=4. How Does Capital Outlay and Production Cost Affect Consumer Prices
OBJECTIVE . . ) =

Upon completion of this 1nStrﬁEfiﬁﬁﬁf_ﬁﬁfkEgET_yUU“WiT%—be*ab%e—toﬁ

Explain how capital outlay and production cost affect consumer cOSt
of an energy source.

Identify energy sources that have high capital .investment and .production
-cost.” ’ : : .

L

RESOURCES _

 See General Resources




ACTIVITY n .

" A. With thHe aid of the resource material or-related material; your group R
will debate the pros of the.following topics as related to capital expense h
and production cost'

1. Offshore, drilling versus envirormental protection
2. Fuel rationing versus 1nc:e351ng prices to cut demand _
3. Benefits of nuclear reactors versus ‘risks. . . - g

B. -'Develdp a chart to indicate predicted cost adequacy, technological readi= """ T Tt

fess, environment hazards, future potential for the following sources of
energy.‘

-
¥

I 011 shale

2 Solar . , .
3. DNuclear - : .
4. Wind

" FEEDBACK | o ‘ | o y

Objective A Check::
Positive participation in the debate.

-Objective-B Check: .

Chart could be similar to the one below: . .

: : ADEQUACY
SOURCE ) COST OF AVAILABLE SOURCES ) HAZARDS
Coal $40/Ton Largest non-renewable . Tl Mining T : ﬁ
‘ E ' energy source - U S. - 2. _ Sulfur _ . - -~

3. Erosion

Instructor's Approval

-

Have Instructor sign GO TO NEXT PAGE

8




ECONOMIC ASPECfé (cosT BENEFITS) OF ENERGY SOQRCES'

IP-5. ‘Determine Recovery of an Energy Source

OBJECTIVE
f . Upon Eompleﬁion of.this_instrpccioﬁal ﬁackage, you will be able to?

.
+

A.-- Determine the recovery time of an energy source.

1

RESOURCES

See General Resources




-

- use 3-cord, $70 ©  Amount used
.each - oo . ~ . $59/menth -

ACTIVITY .

Review any up-to-date licerature related to, energy recover times--as these

‘f1gures change frequently.

-

A. Use the chart below as a guide in the'solution of this activity - find -
the_ recovery time for a solar installation providing 100% of the heat
energy. Lf recovery time is Longer than 7 years, the energy source is
not econom1cal. . .

1WOOD - ENERGY SOURCE

o

. .. AUXILIARY. . SAVING FROM YEARS -NEEDED
_ COST/FUEL ®QUIP. COST INSTAILATION .. ° FOR RECOVERY

L2

Can be .0 if you . Wood stove or fire 30% oy yearly bivide savings

have free wood place fuel cost us- into investment
- ' ing oil, elec.” =

L . or gas . 1,210.00

" or ‘ 500-1,500 avg., . ° _ - 213.00

- 5~6 years to
‘ ‘ o _ ~ Savings . recovery
$210 : ’ - §1000 (1210) $213/year‘ :

o

B. Draw a similar chdrt for solar using the following information:
, " )

1. Cost/fuel - $10/8q.Fct. ) 600 Sq.Fc. collector space

»

2. Auxiliary equipment = Cost $3,000.00

.3 Yearly electric bill  $900.00

. FEEDBACK

Objective A Check? i__

Answer for solar source

‘Cost /Fuel = $6,000
Aux. & Equip. ="3,000
' ' $9,000

Savings . 720,00 -
Recovery Iime ) 9,000 = 12.5 yéars -
. 720,00 :
(Solar not economical)

o ' Thstrbator's Approval

'1nscructor check your work and sign. ask foc‘Posc*Checﬁ.
L 93 ' s




POST-CHECK

ECONOMIC ASPECTS,(COST‘BENEFITS) OF ENﬁRGY SOURCES

DIRECTIONS: Circle the response thathesb completes each statemeot.

1.

2.

3.

.

All of the following energy sources are alternat1ve energy sources
except: . )

A. 0i1 B C. 0il Shale

"B. Solar D. Geothermsl

The group using the largest share of.U.S. energy is: ..

A. Industry - c. Transportation
B. Residential . . D. ‘Commercial

3 . * \ I3

%Disdavantages of selar energy include all but:

- A. Difficulty of storsge and transportation

4 -

5.

-

B. Unemployment - D. Shért supply

A, Llighting - = ° : C. Electric appliances

B. Technology not fully developed
C. Pollution of air and water -
D. High expense of installaticn for both new and ex1st1ng structures

The primary economic problem resulting from ever-increaslng oil imports
and ever-increasing prices is: . . '

-y

A. Trade deficit - C. Recessioﬁ

'.\

In American homes, the greatest amount of energy is used for:

“ B. Heating and coollng - D. Gas appliances

Fuel conservation by consumers for their homes and cars causes fewer

- economic problems than comservation by business -and ipdustry because:

+
o

A. Consumers make up the least important sector of the economy. B.

B. -- Consumers waste more energy than other fuel users.

C> Larger enmergy cutback by busipess and industry would result in fewer .
jobs and lower proéﬁct1v1ty. .

D. “Consumers use more energy than buslness and industry.

Whlch energy source. has the Longest recovery t1me°

1.

‘A. Coal . - €, oil *¢°
B. Solar - _ D, Nuclear




POST-CHECK (Continued)
ECONOMIC ASPECTS (COST BENEFITS) OF ENERGY SOURCES
Foé%il fuels include 2ll except:

Coal - c. oil f
Nazural Gas . _D. Wood' ) Lo

d1sadvan:age of :urn1ng to nuclear energy as an alternative to fuel
include all buct:

! .
high cost of-developing and building breeder reaetors "~ %'
high™ levels of vadicactive waste . Py CoL
inefficiency of nuclear fuel ' '

the plutonium by-productewhich. is uaed for atomic bombs must be
1solated and prozec:ed fiom thefe. -

Which energy"source listed below has a better recovery time?
L . . . . .
. ' - .
A. Wood . 2/. ‘ - ‘€. Wind . -
BT” Solar - : 'D. 0il Shale
: 2 L

W
3§
! P
)
S
e
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i
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POST-CHECK KEY

"

ECONOMIC ASPECTS (COST BENEFITS) OF ENERGY SOURUES

R
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MODULE SIX -

CONSERVING ENERGY THROUGH' CHANGES IN HABITS,

.

ATTITUDES, AND GAINING SELF-SUFFICIENCY

Prepared

'By
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- Department of Industrial Educatiom:
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Clemson, -South Catelina
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b S

A
-
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.June 1981 ~ R.E, Wenig, Director
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CONSERVING ENERGY THROUGH CHANGES IN HARITS, ATTITUDES, AND GAINING
’ SELF-SUFFICIENCY

&t

TERMINAL PERFORMANCE - OBJECT [VE

ation (post-check) .at an 80% competency level, demonstat a change in attitude
awarengss toward gaining self-sufficiency. :

e

After completion of this module, the.student will, g;rpugh a wrirten evalu-

IINSTRUCTIONAL PACKAGES
" 1p-1. Developlng a Persomal Awareness of Conflicts
o Between Energy Conservation Values

Ip-2.. . Developing Positive Attitudes Toward Energy
" Comservation Through Changes in Home Energy
Use ’ . ' '

Devélobing'a Positive Attitude Toward Energy
Conservation Through Changes in Transporta-
© tiom Hablts




-~

PRE-CHECK ' D

' CONSERVING ENERGY THROUGH CHANGES IN HABITS, ATTITUDES, AND GAINING I
SELF-SUFFICIENCY , ‘ -

-

‘ .Directions: Mark "T" if the statement is true. If the*statement is falss,
< ? mark "F." . C .
1pP-1. Developing 2 Personal Awareness of Coriflicts Between Energy oonserva-7“
- tion Values
'ﬂ:.'c, - ' -
e 1. The world's supply:of oil is an inexhaustable resource for producing .
" gasoline in the U.S. . - . -
B f i -
.2, Because of the recent construction of nuclear power plants, we Rave -
' all the electricity we will ever need. : A “
3. The energy cost for an automobile is over 40% of the rotal emergy o
requirements in the home of an average-Americsn family: ° .
K . . .
~ 4. Central heating requires very little energy as compared to other
: energy users in the average American home. . o
5. From 1960 until 1972, the number of American cars wich air COnle ‘. ..

tioning rose from 7% to 69%._
6. Upper iucome families use over five {(5) rimes as much gasoline as .-
lower income families. ) -

-

ki
IP-2. Develoning Positive Attitudes Toward Energy Conservation Through
Changes in Home Energy Use

- N A heat pump uses thermal energy from. outside air for both heating s o

and cooling. . . -j A ‘
_. 2. To conserve. energy in the winter, thermostats should be set at 60° ¥F. . )

;_;;3. During the winter months, close window drapes at night and open ddring ‘ C

.o the day. , :

4. The-most efficient lighting is flourescent. . ; )

_;_;5. Incandescent lignts should be turned off each time you Ieave:tne Toom.
- 6. ,ﬁhen using air conditioning, set your thermosQat'at 720 F. 5
7. The average dishwasher uses 14 gallons of hot water per lead® ‘ T

- " 8. //Wash clothes In cold water and r1nse in warm.




PRE-CHECK (Continued)

CONSERYING ENERGY THROUGH CHANGES IN HABITS ATTITUDES,:AND GAINING
v SELF-SUFFICIENCY

Develqg;ng_a P051t1ve Attitude Toward™ Energy Conservation Through
Changes in Transgprtatlon Habits _ : -

¥

Driving at 55 mph uses less gasol1ne than dr1v1ng at 70 mph.’
When coming to a stop 51gn, a qwlck stop helps save gasollne
Cars account for nearly 40% of the oil used in this country.

“Ie takes less gasollne to restart the car than -it takes to let it
idle for one minute.

- Radial tires can improve gasoline mileage on ‘the highway by aﬁoutllsz.

A poorly tuned car could use as much as 257 more gasoline than a
well-tuned one. .

[

.
-

The average oécipancy per commuter car is 1.3 people.

_ For every 100 pounds of extra weight,_fuel'eéonomy_is reduced by
about 5% for the average car. e <

&




PAFulToxt Provided by ERI

- tion Values N
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PRE~-CHECK KEY
. = . ’-: ) 3—' - -
Developing a Personal Awareness of Conflicts Between, Energy Conserva-~

L4 . e

Developlng Positive Attitudes Toward Energy Conservatlon Through
Changes in Home Energy Use

-

. g 4 .

L

Developing a Positive Attitude Toward Enmergy Counservation Through
Changes in Transportation Habits:

£ . -
LY

.
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CONSERVING ENERGY THROUGI{ CHANGES IN HAEITS, ATTITUDES, AND GAINING
: . SELF—SUFFICIENCY

'Develop1ng a Personel Awareness of Conf11cts Between Energy Conserva-
tion Values - = __ .

OBJECTIVES

Upon complet1on of th1s 1nstruct1ona1 package you will be able to:
A. Examine rtheir values and be11efs about energy consumpt1on and conserva-
) tlon through. completion of an energy questlonnalre

’
L

RESOURCES

Books:;_ .

Y

Ideas and Activities ‘for Teaching Energy Conservation: Grades 7-12. Tennessee,’
Energy Office, Tennessee State Department of Education, 19??.

*a

Energy Conservation Resources for Education. Texas A&M University, Department
of Industrial Educatlon, College Station, Texas. .

]

- Hagazines:'

""Changing Our Energy Behavlor gHogan, M.J. Journal of Home Economics, May
1978. ‘ - ’

e —




ERI

PArutText provided by enc [N

ACTIVITY

Complete the following energy questionnaire (Instrﬁctional Sheet IP-1-1-2) and
list as many reasons as possible to substantiate your opinions or beliefs for

each statement, . Research on energy for this activity may be obtained from the
Iisted resources or other appropriate references.

FEEDBACK |

Objective Check:

Students should know how an opinion can affect their behavior or lifestyles.
Where they are uncertain about their opinion, they should conduct sufficient re-
search to uphold an copinion when asked to defend their positions in class.

-
VoA,
e

Instructional Sheet IP-1-1-2 from Ideas and Activities for Teaching Energy
: Conservation: Grades 7-12. Tennessee .

Lz Energy Office of State Department of Educ-.-
atiom, 1977, pp. 149-150; ' )




1nstruction Sheet IP-1l-1
ENERGY OPINIONAIRE

Name Dace

Class : ‘ Teacher

Directions: Please cross out the word or phrase within the parentheses which
least indicates your opinion. Be prepared to defend your opinion or belief.

I believe that:.

1. The energy resources in tie United States (are, are not) controlled by
monopolies. . - .

2. There (is, is not) a shortage of o0il in our country.
3. - We (should, snould not) generate more energy by nuclear and fossil fuels.

b Solér‘energy technology for genmerating electricity (is, is not) well
established at this time.

5.. Government funds (should, should not) be used to develop che ra11roads and
barge traffic. e

6. '~ If fuel prices were to decline, consuoption'(vould, would not) greatly in-
crease. .

American lifestyles (are, are not) wasteful of energy.
Manufacturers C%hould, should not) be forced. te reveal the energy costs of
their products.

Nonreturnable and d1sposab1e -containers {should, should . not) be d1scon--
tinued. : -

10. -~Rising energy costs (have, do not have) a d1rect, personal 1mpact on every-
one. ° : )

‘ 11;1n Everyone (should, should not) ‘observe reduced speed 11m1ts to conserve’
ﬂ energy. - .

12. The use of enmergy (is, is not) a moral problem involving stewardship of =
’ resources. L . , ,

13. The government (should, should not) restrict- the size of cars.

*

14. The cost of po11ut1on control (should, should not) be included in the
individual customer's bill. ~ :




Instructional Sheet IP-1-2

15.
16.

17.

-

_ An individual (can, cannot) have an impact on energy consumption.

Individuals (will, w1ll not) conserve energy if they realize there is a
problem

We (should should not) develop energy resources regardless of envivon-
mental costs. . \ . .

- All demands for energy,(will, will not) be met in the year 2000.

: People (aré, are not) born greedy and selfish in respect to use of natural

Tespurces.

Strict federal laws (wlll will not) be the major factor in energy ’consump-
tiom.

Nuclear power (1s, is not) too dangerous to be used in’ produc1ng ‘electri-
city.

Our government (is, is not) being effective in solving'our_energy”problems.

Everyone {should, should not) be required to- pay, for energy regardless of
economic level. . -

The product1on of an adequate supply of energy (1s is‘not) a major pro-
blem in our country today. , . ' e

' The energy problem (is, is not) political rather than technological.

The average citizen (is; " is not) getting honest information on energy pro-
blems and their solutioms.

. Energy productien (should, should not) be controlled by government rather
-than private industry. ‘

- -

.Alternative energy'squrces such as wind,'geothermal, solar, and tidal-

power (are; are not) receiving adequate funds for their develOpment.

- o

‘" Foreign countries (do, do not) have the right to charge any pr1ce they

please for their natural resources.

My famlly (is, 1s_not) doing an adequate job of conserving energy.

n
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CONSERVING ENERGY THROUGH CHANGES’éN HABITS ATTITUDES, AND GAINING
* SELF-SUFFICIENCY .

Deve10p1ng Positive Attitudes Toward Energy Conservat1on ThrOugh
Changes in Home Energy Use - 2

OBJECTIVES

Upon completion of this instructional package, 'you will be able ;6{

Compile a list of all emergy consuming device in his home and compare
the average energy cousumption of each device.

Recor¢ and compute the average daily electric consumption of a.conven—
tional home over a one-week period and compare the findings with those
results recorded for a similar time span of concentrated energy conserva-
tion for the same home.

Build a watt-meter to compare the individual differences .in energy con~
sumption of various small app11ances. .

Develop a list of energy saviug techniques to apply in h1s$home dur1ng eac

" season of the year. .

]

_RESOURCES
" Books: . N

Energy Conservation Resources for Education. Texas AGM Universicy, Department
of Industrial Educatiom, College Station, Texass 1978, pp. 151-158.

Ideas .And Activities for Teaching Energy Conservation:. Grades 7-12. Tennessee
' Energy Office of State Department.of Education. 1977, pp. 190-191.. - |

Providing for Energy Efficiency in Homes and Small Builaing_. U.s. ﬁépartméntf
of Energy. Office of Consumer Affairs, Education DIVISIOR‘ Washington,
DC, Junme 1980, Part I pp. 47-48, ?3-33.- C T y

T{pé for Energy Savers. U.S. Departﬁent of Eunergy. -washington,'DC, PP- 1-39.

Instructional Sheect: IP-Zar 1-2 Monthly Energy ngy1rements of Electric House—
T .hold Appliaunces

Iunstructional Sheet: TIP-2B-1-2 How Much Electricity Does it Use -+




A,

LTS

Objective A Check:

FEEDBACK . - v

ACTIVITY

Compile a list of.all electric energy consuming‘devices in a conventional
-heme and determine -thé approximate KWH/yr. and the cost required to use
each appliance for one year. Refer to handout of "Monthly Epergy Require-
ments of Electric Household Appliances” from Carolina Power & ngh: ‘
Raleigh, NC. Instructional Shee: 1p-1-1-2 :

Read the watt-meter of a conven:xonal home at, the same 'time every 24 hours
for 7 days. Record these readings on a bar graph Compute the total
weekly electrical consumption and figure the average daily consumption of
one week. Reference: Energy Conservation Resources for Education,

PP- 151—156 ‘ :

Build the watt-meter test board as diagrammed on the handou: Uszng the.
test board, measure the amount of énergy consumed by a variety ‘of small

.appliances over a specified time and record. (See Figure 2.)

Reference:: How Much Elec:rzcxty Does It Use?, pp. 32. N

Compzle a list of energy saving technzques to be utllxzed in a. conventional
home for each of the following areas.
a
Heating
Air Cond1:10n1ng
Hot Water
Dish Washer B )
Refrigera:ors and. Freezers
Ovens and Stoves .
Clothes Washers and Dryers
References. © 100 Ways to Save Energy, Providing for Energy Efficiency in-
Homes and Small Bu11d1ngs p- 78—83 and Tips -for Energy
Savers. '

e . .

1

o #

From the 1uform§t10n obtained in Ac:zvz:y A, figure the approxxma:e percentage

" of total energy used in a month's time that is consumed’ by each of‘the followlng.

Heating. = : ) ' .
Lighting . : * ’

Air Conditioning '

Refrigeration

Cooking

Hot Water -

~

" Miscellaneous




" FEEDBACK (Continued)

Objective B;-and C-Check:

Read the dials of ‘the watt-hour meter gauge and write the. correct number on the
blanks provided. (See Figurs 2) . : .

ObJectlve D Check. o

7

< ﬁt11121ng the energy sav1ng technlques developed in Act1v1ty D and other 1nforma-
tion obtained from previous 2ct1v1t1es, figure the energy savings that would re-
sult from a conscious change in habits and att1tudes through the follow1ng acti-

- vity. . . . _ '

Record and compute the daily electrical consumption for the same house
as in Activity D over the same per1od of time while mak1ug a coascious
effort to utilize-the energy saving techu1ques deveIOped in Activity D.
Compare these results with the findings inm Activity B. Even though’ th1s
difference may be small, the computed savings over a long period of time
should be significamc.”™ = - R :

t




- MONTHLY EXERGY REQUIREMENTS OF ELECTRIC HOUSEHOLD APPLIANCES

o ‘ o APPROX. ,

‘ ‘ APPROX. KWH
. . TYPICAL -  OPERATING USED PER . APPROX. .
 APPLIANCES WATTACE  COST PER HOUR *_ NMONTH MONTHLY COST ..

Air Conditioner (Window). ‘ . ’ .
12 Hrs., Use - 6,000 . *

BN

BTU 115 Volt 850 4.3¢ - 310 $ 15.50
12 Hrs, Use - 12, ooo ' ' S e . " . \
BTU 230 Volt ' © 71,950 - 9.8 702 $ 35.10 - -
Electric Blanket (8 Hrs, - - : : - . .
' use per day) ' - 190 ‘8,0¢/day 46 $ 2.30
Broiler - N 1,500 7.5¢ ‘ L
"Clock . . o -2 .~ 1.5 7.5¢
Clothes Dryer (55 min. cycle) - .
. 7 loads/wesk ($5 87/Month) 5,500 27 Scfload
. "Crock—Pot" 70/140 .be
‘Coffee Maker 1,000 - 5.0¢
‘Compactor . _ ©* 1,380 B .3 15.0¢
Deep Fryer 1,620 "8.1¢ : '
Dehumidifier 2& hrs. use o - o ) '
22 prs./day 600 . . 14.4/day 72.0¢/day
Dishwasher . } : ' .. : C e e
Including hot water 32 o - o . -
oads/month : : . 800 16.0¢/1cad 102 . $ 5.10
. Dripping Faucet — slow : . 40 $ .2.00
-Dripping Faucet — medium ‘ e - 80 $ 4.00
Dripping Faucet - fast . o : o e © . 120 .$ 6.00"
- « Fan (Attic) 370 1.8¢ .
"Fan (Circulacingy - 88 4.4¢/day
10 hrs..use/day ‘. .
. Burner & Fan (furnace-oil) ) .
) 6 months use-1375 hours 836 . 192 $ 9.60:
-~ Fan (Roll-zbout)- 171 0.9¢ -
- Fan (Window) © 200 1.0¢
Food Mixer . 127 o 0.6¢ U
" Food Waste Dlsposer : . 445 . K - 2:5 ..12.5¢
Frying Pan i 1,600 7.9¢ . e '
Hair Dryer (soft bonnet:) 400 2.1 L
" Hair Dryer (hard bonnet) - 900 4.5¢ i
Hair Dryer .(hand held) ~ .- 600 T 2.9
' Heater (radiant) 1,650 " 8.2¢
Hot Plate 1,650 -, 8.2¢
Humidifier — 6 hrs. /day 115 5.0¢ . - 21 ~$ 1,05
Iron (hand) 1,000 5.0¢"
_ Lamps, FluoreScent oL R
N (6 hrs./day) 40 watct, 48“ R kY . R )
(inc. ballast) . .50 ¢ S 9- 45.0¢
: (6 hrs,/day) 80 watt. 96" . : : - .
R (inc. ballast) o . 100 : i8 . 90.0¢ .
. Lamps Incandescent e e T :
60 wart size (6 hrs. /day use) - 60 o : 11 . . 55.0¢
.100 watt size (6 hrs/day use). :. 100 ' P .18 . 90.0¢
. Microwave Oven . AU ’ .
15 min. per day use 1,460 7.3¢. 13 -

55.0¢

g




Radio : ' ' 3.7¢/10 hrs.
Radio-Phonograph—Stereo s - 6.3¢/10 hrs.
Range, ' )
Refrigerator
Side—by«side, no frost
22 cu. fe. .
22 cu. ft./customer
_ dispenser
Refrigerator ,
" 2 .door ftop mount)} no. frost
21 cu. ftr. :
18 cu. ft. -
16 cu. ftr. .- ‘
14 cu.ft.
Refrigerator
2 door (top mount)
cycle defrost
. 14 cu. fr.. . K
12 Cu., Iftp,
Refrigerator
.. .8ingle-door, manual
- defrost - 10 ¢u. fr.
Food Freezer
No frost upright
16 cu. ft.
Food Preezer -
Upright, manual defrost
15 cu. fr.
'12 cu. fr.
Food“Freezer.
Chest, manual defrost.
20 cu. fr.
15 cu. ft. : .
Sun Lamp :

_Ielevlsion (B&W)

(8°hrs. per .day)
Television (Color)

(8 ‘hrs. per day)

: ;elevlslon -
Instant On when "off“ .

B&W (Solid State)

Color- (Solid State} - ) :
Toaster - - BT : T 6.5¢0
Toaster Oven - . o T.7e0
/Ia’cuum- Cleaner .. - T N o 4.6¢
Waffle Iron - ’ 6.0¢

'Washing Machine Only- T . 1.5¢/Load .
Washing Machine T T N -
Hot wash warm rinse
includes- cost of hot water . e
based on 30 gallons of hot . T - - 30 ‘Loads /Mo.
water pe® wash . 300 43.6¢/Load - 263 $ 13.15

-

-~

(58 minute cycle} - S e S o :
Water Heater ( 4 in famlly) 4,500 . e w409 $20.45
Warter Pump . 460 ., ' : . 5% 3.75

B :.hOIE: Cost flgures are based on '5.0& KWH. Thesé cost- figures do not reflect the
g basic customer dhargq far reszdentﬁ3% CUSEOmETS . . : :
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By Peter Vignugna

O help students understand’ the im-
- pact various appliances have on clec-
Aricity bills, [ designed an instrument for
determining ‘the exaet cost of msing any.

110 V clecirical device. **Prgject Kilowst*
. can bé comstructed jn a fow hours, onee |

thé parts has ¢ been obtained, Most utilsy
compamc.\ will don..m. a qacd wattnelsr,

which is the most expensive comnponent.

' needcdforth;progcc:. X

Tbe method Finst, reeord a reading

of the kilowatt meter,” and connect the
. “Project Kilowawt™ board to a 110 V gur-
Iet. Then, plug the clectrical device (9. be

tested: into the ‘outlet mounted on the |

board, and turn on the switch. Power is
. ndw fed through the waumeter into the
appliance. Afler a speeific time, turn off
the power and record the warttmeter read-
ing, The differcnce between this reading
and the lirst rc:}dm;, is the amoum of kilo-

*

Peter Vigropng :s chairman of. rhc in-

" Hustrial orts de, puartmeni, Marcetlus (New

Yorkj Senior High ?;hoo!.

' Reading the meter

I Rcad the meter d:als Trom lefy

" to right.

. 2. Read the dials as thousands.
hnndﬁeds tens, and units.

. 3. If a pointer seems 1o be exacly
oter a number, check.if the pointer
on the dial to the right is on or past
zero. U it isn't, use the lower of the

“two numbers.
> 4, Answer is as- rea'd in kilowatt
hours.

The dials below indicate 5.69" Lllo- .,
walt houn.

“watt hours comunicd by the device; Com-
.pute the cost by multiplying the rate per

kifowatt houg by the number ot hilowatt
. hours conswined. Gt the tate from an
electrie bill or b} alllmg the utility com-
pany. 4,

Fa

PARTS UST

3/4 x 7-1/4 x 25-1/4 pine base-
board ’

Watthour meter T

* Duplex outlet Igroundnng type)
and outlet box

4% metal box for fuse holder and
.switch {Fusetron type S5Y)

15 A plug fuse

12 or 14 ga. cable, two-wnre wﬂh
gfound .

Line cored, three-wire typo

,3cahle connectors

" Wire nuts

e
L]

.+ After building the “Project Kilo-
wartt” boards, students can take
them home_and apply what 'thay.
have Jeamed to thetr famifies”
electrical needs.

e 251147

Switc b S rE Fuse

Linei :—.E

wvoltage

Y
~

17 e DD emdaria T e

Lo * " igrounding
: ’ type) .




Read the dials and write the correct numbers on the blanks provided.

q .

T




' . . .

CONSERVING ENERGY THROUGH CHANGES 1IN HABITS, ATTITUDES, AND GAINING »

SELF-SUFFICIENCY ’
' IP-3. Deve10p1ng a Positive Actitude Toward Energy COnservatlon ThrOugh : L

[ - . - Changes In Transportat1on Habics

EY

OBJECTIVES g ‘ g .

Upon completion of chis inékructional'packége, you will be able to:

. -~ bl
A. Perform an énergy analysls of his ctransportation habits and attltudes .
to determ1ne areas, where hab1té may be mod1f1ed to conserve energy. o : ¥
. -~ B. List energy savxng steps that can be utilized when “driving an automobile.

" C. Determlne the energy savings ga1ned through a conscious change in driving
" habics.

D. Develop an energy conservation program based on mod1f1cat10n of his per-
sonal transportation hab1ts and behavior. : .

= [
=

" RESOURCES .

Books: . : : ' e < -

=

Energy Conservation Resources for Education. Texas-A&HVUniversity, Deparcmént
of Industrial Educatjon. College Station, Texas, pp. 234-264.

."How a Bill} Becomes a 'Law to Conser@e‘ERErgi; U.8. Departwent of Energy. Con-
: sumer Affairs: Washington, DC. April 1980, pp. 45-38.

Ideas and Activities for Teaching Energy Conservation: Grades 7-12., Temnessee
Energy Office of State Department of Education, 1977, pp. 149-150.

-y

4

. Tips for Euergy Savers. U.S. Department of Energy. Washington,” DC, pp. 1-25.

Magaz1nes. _ -
’ "Chang1ng our Energy Behavzor.‘ Hogan; M.’Y. Jourmal of Home Economics,.}ww
1978, . . ) .
" pp. 18-21.,, : , : ]
“Energy-Consérvation in Davis, California.” Jolly, D. aund K. Gi;erﬁ Journal of

Home Econowmics, May 1978, pp. 37-38.

-

-"100 Wayé to Save Energy." Stewart, M.S. and W.D. Moss. Journal of Homz Economics,
May 1978, pp. 36. . -

[




ACTIVITY | , ’ ST

A,

FEEDBACK T ‘ o .

A.

‘Compile a 1ist of energy savxng technxques that can be’ applzed through

. Using the carpooling activity sheet furnished, figure the costs of com—

’ whether a change in transportation habits would.be cost effective for.the

,‘transportat1on. (See Instruct1onal Package IP-3 Feedback)

‘Write a seenar1o or future hlstory of what your life would be 11ke 1f you

- would use?

LY

Haxntaxn a record of .transportation-for a 2-week perxod, recordxng the
E0110w1ng information: . . -
- o .

Method of TranSportation Used

Number of Trips”

Reason for Trips . . .

Distance Traveled ’

Number of Persons Travelxng Togethgr

Total Amount of Fuel Used’ . ' e

Total Cost of Fuel : T . ’

Auerage Miles Per Gallom (MPG) at end of "2 wee perxod .
At end of the two (2) week period, dxscuss the results and how energy.
could have been saved by modifying habits, behav1or, attitude, methods of
transportation, etc.

-

- . . -

various means of transportation.. Consider "the automoblle as the .primary’
méans of transportation and the couservation’steps thaf can be taken that
involve driving habits, preventive maintenance, etc. Discuss your list. and
the advantages and disadvantages of each energy saving ‘technique.
Reference: Changxng Our Energy Behavior, How a Bill Becomes a Law,
* 100 Ways to Save Energy, and Tips for Energy Savers

muting to and from schocl. Discuss these results. (See-Instructional-'

Sheet IP-3Al-3.) : .

References: Ideas and Act1v1t1es for Teaching Energy Counservation:
Grades 7-12 and Energy Conservatlon Resources for Educa-

. tion. i - - E . :
. S 2 . . . ’qt

-]

L4 i -
Utilizing the energy. sav1ng technlques complled in Act1v1ty B to the full-.
est extent, maintain a record of transportation for a two-week period, re-
cording the same information as for Activity A. - Make a comparison of the
results with these in Activity A and discuss the findings. 'Consider

long and short térm.  Discuss how behavior changes would affect your life-
style regarding Lransportation. '
Reference: Changing Our Enargy Behavior
-
- : |

Considering each of ‘the- following pOlntS and utilizing dzscussxon of the
prev1ouspact1v1t1es, develop an energy plan for conserving energy through

were 11m1ted te 8 gallons of gasolzne per mouth. How would your lifestyle L
be affected? What changes do you think would have to be made in our
society? What changes in behavior would you have to make? Would this
affect how amnd uhere yonlﬁgnhd 11ve or the types of tranSportatlon you




Instructional Sheet IP-3Al-1
. . L
Using the follouang information, f1gure the cost of commutlng :o and from*
" school: ‘ :

-
o

f

Vehicle . .

.. Cost Maintenance , Gas & 0il State and

Depre-  Accessories,. (Excluding} Insur- - Federal Total Cost
Car Size® ciated Parts & Tires Taxes) ance . Taxes {Per Mile)

v

Standard =~ 4.5¢ -3.7¢ . 5.5¢.  1.7¢ 1.6¢
Intermed. . ~4a2¢ . 3.4¢ 5.3¢ 1.6¢ .1.56
Compact 2.9¢ 2.7¢ - 474, 1.5+ .1.2¢
Subcompact 2.3¢ 2.5¢ . 3.8¢ 1.5, [0.9¢
T Adapted from U.S. Departménl: of Transportatlon-Federal
" Highway. Administration Statistics

e
*

Exanple - ng to figure your present commu:zng cost (Standard car-Ford LTD)
_traveling 30 miles round trip .
1. MULTIELY (.17) x (30) = $5.10
Cost Miles =
" per mile per day

ADD bailf parking cost
TOTAL DAILY COST

MULTIPLY DAILY COST
By number of school .
days per mounth x21

- COST PER MONTH TO DRIVE ,
ALONE - . .= $107.10 .
_DIVIDE BY NUMBER OF - ‘
PEORLE IN CARPOOL . + 4,

NEW INDIVIDUAL COST ..
BY CARPOOLING = $26.77

HONTHLY CARPOOL. IR
SAVING ($107.10 - 26. 77)$80 33

v ) *

N *IHPORTANT - For a successful carpool when :he dr1ver-owner does all :he dr1v1ng
: -fair share rates ‘ghould be figured om paying rlders only. The _
driver-owner should. rxde free., . - . . ‘ ' S




1.

'Iﬁstructidnal Sheet 1P-381-2

MULTIPLY x
=« Cost Miles
Per Mile Per Day

'ADD Daily Parking Coct

TOTAL DATLY COST

MULTIPLY DAILY COST; .
By nmumber of school days per month

COST PER MONTH TO" DRIVE ALONE

'DIVIDE BY NUMBER OF .PEOPLE IN_ CARPOOL

NEW INDIVIDUAL COST BY CARPOOLING

MONTLY CARPOOL SAVING (E5-#7)

'CONTACT ORGANIZATIONS:

1.

2.

TransPOrtatlon Research Center, The University of Tennessee South Stadlum

Rall, Knoxv111e Teunessee 37916. .

- Tennessee ‘Energy Office, Suite 250, Capltol Hill Bulldzng, ?th and Union

Nashville, Tennessee 37219. .- . !

- U.5. Department of Tran5portat10n 400 Seventh Street SW, Washlngton, DC
.20590 % . .

_'Tennessee Department of ¥ Tran5portat10n 817 nghway Buzldlng, NashV111e,

Tennessee -37219.




InstrucqioLal Sheet Ly-3 Feedback 1-1°

|

¢ - ) . .
. It is| said tnat Americans travel farther and faster than.'any other people
iin_the wojld. Transportation {fuel, manufacturing .and maintenance, highways)
accounts flor about 42% of our total energy budget in the United States. Thereis
great potential- for saving energy in the transportation sector.- .

Have|students condugt—research and contact organizations to learn more
labout conserving energy through transportation. As a result of their research,
they should prepare a plan for theimselves and their families. In conducting
research,| students should consider the following pointsi

Methods of making vehicles more energy-efficient.
Methods of saving energy in manufacturing and maintaining vehicles.

MethodS'of saving energy in road construction and maintenance.

v

Driving hab1ts which result in energy conservation (e g., fewer rapid
accelerat1ons, less quick braking).

Kinds of energy ‘conservation 1egislation to mandate or encourage energy
conservation through transportation {(e.g., 55 wph speed limit, r1ght-
turn-on~red-after-stop).

Requirement of pollution control devices. .

-
Advantages/d1sadvantages of radial tires, ignition systems, stream-
11n1ng,des1gns, increasing passengers per vehicle, abandoning automatlc
transmissions.

> :
Salvaging-metals, etc., from junked vehicles.

nnecessary trips or travel.

ays to conserve energy while on vacation.

.

roﬁth, decline, advantages, and disadvantages of travel by walking,
'Cycle,'automobile,‘busa»railroad, water,-airplane. :
-

12. A ternatlves to 1nd1v1dual transportation: carpools, vanpools, mass
. 1 .

5 -

Figure & Enefrgy: Plan for Conserving (Adopted from Ideas and Activities -for
Energy Conservafion: Grades 7-12, Tennessee Energy Office).




POST-CHECK

CONSERVING ERGY THROUGH CHANGES IN HABITS, AETITUDES AND GAINING
’ SELF—SUFFICIENCY ‘

- Directions: Circle letter representing correct answer.

1. » With regard to emergy, the nation must:

A, Conserve energy * - -
B. Develop alternate’sources of emergy - i e
C. sSlow.down the accleration in new demands for energy
~D. All of the above.

—_

The chief concern of the individual is: \
A. -Developing alternate sources of energy

B. Conserving energy

C. Repair and maintenance

To conserﬁe eﬁe;gy in wintér,,set-thermostat ét:=
680 F. “ €. 680 F day, and 69° F night
600 F ) c o .

To conserve. energy in summer, set thermostat at: -

A. 780 F - © c. 680 F
B. 720F |

Keep w1nﬂow drapes exposed to sun dur1ng winter:
A.. Drawn at night, qpéu during the. day o
B. Open during the night, drawm during the day-
C. Open all the time S . i

Window drapes exposed to suﬁ during summer are%
Y .- : H

A.- Open during the day

B. Drawn during the day

C. Closed all the time

To ‘conserve eqérgy;

A. ‘Operate furndce at full capacity at all times
B.- Heat 1/2 thé building at a time. :
C. Heat only rooms that are be1ng used T

When using a fireplace:

. A. Keep windows obén
B. Keep damper closed
C. Provide outside air to fire box if possible




POST ~CHECK (cont1nued)

CONSERVING ENERGY THROUGH CHANGES IN HABITS ATTITUDES, AND GAININC
SELF-SUFFICIENCY

—

9. ‘Attic ventilators .are used to:

Supplement the air conditioning
Reduce the temperature in the att1c
Provide for h1gher temperatures

conditioner vents should be ad jusred: -

ﬁpward : : B. Downward
heatinh system is aided by lighring.

A. True . ' . B. False

_Kitchen and bathroom vent fans should be operated:

A, Continuallf : : C.. Only when needed
- B. Intermittently :

Air conditioners,should be operated:

A. Continually . C. Only when needed
- B. Intermittently o
-

The difference in energy use with the air condltloner set .at 78° F instead
of 72© F would be.

Al a0z B, 10% | C. 60%

-

The most efficient lighting is:
A. Incandescenr -1 B. " Flourescent €. Same
- » 1 .

“Ways to save llighting energj are to: - L !

A. Use dirmer switches-‘o" .Turn lights off when not in use
B. Use lower Jatt bulbs D. All of the above

» -

T

- ' ‘ot
Incandescent 11gh:s should be turned off.
-A. Each. time you leave the room :
., B. If you are gO1ng to be . gone for at least. 15 m1nutes
T -

FloureSQEnt lights should be turned off:

A. 'Each time you leave the room : :
B.  If you are going to be gone for at least 15 minutes




POST-CHECK (cont1nued)

CONSERVING ENERGY THROUGH CHANGES IN HABITS AITITUDES "AND GAINING
- SELF-SUFFICIENCY -

" Refrigerator doors should be‘Opeﬁgdf

A. All the way o . C. Remain closed
B. As infrequenply as possible- '

Place hot d1shes in the refr1gerator'
A.  Immediately . ' €. Gradually
B. Ounly after they have cooled ’

Use dishwasher: ,

A. As often as you have d1rty d1shes C. To wash glasses only
B. _Only when you have a load’ ) ‘ .

When bak1ng:

A. Try to fill the oven - -
B. Cook one panful at a2 time
C. Leave the oven door cracked open for vemtilation:

When boiliag water:

A. Leave the. pot open o €. Use a baking dish
B.. Keep a 11d on -the pot ’

'l When cook1ng frozen fOOdS'
A. Allow them to thaw or partially thaw béfore cooking’
B. Cook them immedistely after removing from the freezér . .
C. Keep them in;the original container.

Microwave, ovens are: : : , o e
A.. Good for frying foods = €. Low in proteins
B. Moré efficient than infrared ovens .
Aluminum pots are the most efficient.

B ) ‘ 4

A.- True . B.

Aluminum foil is recommended to line:
A. The_oven i
B. The.reflector pans under electric
. o -,




28.

29.

.30..

31.

, 33.

'333.

6.

] . POST~CHECK (nontinued)

€

CONSERVING ENERGY THROUGH CHANGES IN HABITS AiTIﬁUDES AND GAINING
- ' SELF*SUFFICIENCY

E-3

When washing clothes:

. ——
e .

A. Use hot water B. Use cold water C. Use salt water
Dry élothes: .

 As rapidly as possible . .
Only until dry . o
Past the drying cycle to reduce wrinkles

Energy can be saved:
-~ w» .

A. At home : D. In hospltals and schools B.

"public buildings T - E. AlL of the above.

C. In office buildings P

Whose responsibility is it to save enetgy at school?

" A. The teachers . C. The building superlntendent B.

The students - : T + +D. All .of the above

The same rules for conserv1ng energy in the home generally apply fo other
bu1ld1ngs. . . >

AT True - S ' B. False
Energy surveys -are: ' F
Al ﬁmppftant - . B. A waste of time " C. -Expensive

best procedure for emergy saving in buildings is to:
Assign responsibilities

Let everyone decide what to do
Turn the bights out when not in use

de31gn and maintenance of public bu1ld1ngs are:

Important to ‘energy saving
. No: important ]
Always done Wlth energy efflclency in mlnd

A planned use of buildings can contribute to energy-efficiency.

o

A. True - . : ’ B. False




BUbl~LHECK (contxnued)

CONSERVING ENERGY THROUGH CHANGES IN ‘HABITS, ATTITUDES, AND GAININb '
SELF-SUFFICIENCY :

-

-
When providing food sérvicg in buildings:

"~ A.7 It is best to cater food
» B, Efficiency measures are similar.to those. for the home
C. Cook ounly one meal per day .

When coming to a stOp_sign in an automobile, one should:

A. Brake Quickly : C. Put the car in neutral

"B. Anticipate .and brake slowly

-

When stopped and idling for more than é minﬁte one should:

A." Turn off engxne . €. Continue to idle imn neutral
B. Contimue to idle as slow as poqqzble

‘Driving at 55 mph uses less gasolxne than ﬁriving at:
‘ s ’ v

 A. 35 mph, : C. 70 mph- ‘ o
B. 50 mph : . o =

-

-

o

A poorly tuned car could -use as much as __ percent more ‘gasoline than a.
well-tuned omne. - . : . . .

A, 3 te’ 9 . €. 25 LN
B. .10 to 20 : ’

>

Radial tires can improve gas mi]:eage on the highway about:’

-

a. 3% B. 7% c. 15%

Qnde:inflated‘tireg can reduce fuel economy about - ~ for every pound
of pressure under the recommended pounds per square inch. .
a. 2% o b. 5% c. 10%

%\For every 100 pounds of extra wexghg fuel economy is reduced about -

i for the average car. ’ .

a.1% - B 3% cC. 5% °

.; When buying a car, a decision should be based on:

A Price of the car : _ C. Both A and
i €. Estimated fuel cost : _




POST-CHECK (continued)
CONSERVING ENERGY THROUGH CHANGES' IN HABITS, ATTITUDES ANDIGAINING‘
SELF-SUFFICIENCY ‘ - o
Geﬁerally, the best fuel economy is associated with:

A. Low vehicle weight . C. Llarge engines
B. Automatic transmission -

“The most efficient way to save gas when accelerating is to:
A. Accelerate as fast as possible
B. Accelerate as slowly as possible
C. -Accelerate smoothly and moderately
bl [ .
The average occupancy per commuter car is:’

"A. 1.3 people : B. 2.0 people = C. 2.6 people

By increasing the average occupancy per commuter car by one person, the
nat1onw1de gasoline’ sav1ngs would. be appromeately.

A. 100,000 barrels per day . C. 600 000 barrels per day
B. 300,000 barrels per day "

Before driving your,car, the best.way to save gas is to:

Check’the tire pressure

A
B. ""Clean your gas filter
C¢. Plan your trip to avoid congested areas

-
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ENERGY CONSFRVAIION THROUGH THE SELECTION. AND AP?LICAEION OF
RENEWABLE "ALTERNATIVE SOURCES

. . .
- One of the best options'to energy conservation 1s to select a renewable .
. source and harness it to reduce convent1ona1 energy use. Through the comb1na-
tion of, e.g., wind and:.solar emergy, electrical energy from convent1ona1 T
sources can be reduced, :

- ' . i

‘TERMINAL PERFURMANCE OBJECTiVE

Identify a select renewable alternative energy ,source and construct a -
. working device’ phat will utiiize that. source. . :

Achievement of ‘the terminal performance-objective will be accomplished by
successfully completing 'seven instructiomnal packages.” Perhaps you already know
something about the seven topics. If this is true), you may wish to take the
pretest “to determine the extent of your kmowledge. The results of the precheck
may be:used to diagnose and prescribe the instructional packages you need to
. complete in this 1nstruct1onal module. If you feel you do not have enough

 knowledge about chese top1CS, you may eliminace che pre-check and begin the
" first instructional package: cthe results of your -own 1nd1v1dual d1agn031s and
prescr1pt1on may be recorded below. .

-

~

INSTRUCTIONAL PACKAGES

I1P-1 ‘Identifying Alternative Energy Sources

" IP-2 ‘ Exam1n1ng Wood as Runewable Alternative
Energy Soarce : : ~ -

-3 Invese1gat1ng Alcohol as Renewable
Alternative Energy Source

1P-4& -Conserv1ng Energy Us1ng Pass1ve Solar
Technlques . .

» IP-5 - Examining Sp;ariﬁnergy-Hot Water Systems
IP-6- Examirr%ng Solar Energy-Hot Air Systems

“Building and Imstalling Sol'af Devices




Rs-cutcx

ENERGY CONSERVATION ‘I‘HROUGH THE SELEC'IION AND APPLICATION oF
RENEWABLE ALTERNATIVE SOURCES -
Ly

o 4 o

. . ‘\ s

Directions: Complete the multiple cheice questiOnS'that follow. If you miss
more than one question per imstructional package, you will need to devote t1me
in learning that area. Lt o -

1?-1. Identifying Alternative Energy Sources

.Alrernative enmergy sources-are those that:

‘A. Are in ‘common usage.
B. <Can not be adapted to large scale usage.

C. Are not expenslva: ) "",_;_a
D. MAre net in primary usage. d

-

Renewable energy sources are those:

That we can purchase -again after our present supply is used up.
That are Teplaced by natural processes. .
Whose replacement rate equals or surpasses their consumpt1on
rate. :

That have an 1nexhaustab1e supply.

type of alternative energy source is:

0il . o _¢. Nuclear

Coal & ' D.’ SOJK

followlng is not a renewable energy source:

'ﬁ;i-ﬁood o o o C. Wind
B. Bio-mass _' - D.  Petroleum -

llwhieh of the following are aleernative'energy sources?

CA. . Ocean thermal electric conversion D. Alcohol ~
B, Shale oil i . E. All of the above C.
Tar sands : ' '




PRE-CHECK {(Coutinued)

ENERGY couseavarrou THROUGH . THE SELECTION AND APPLICATION OF
RENEWABLB ALTERNATIVE sounczs '

S

Eiamining Wood as Renewabl® Alternative Enmergy Source =

Wood is sold in a volume of 128 cubic feet which is called a

A. Board foot ’ ’ . C.
N T

Wood w11‘ yleld the h1ghest BTU rating

A. Dry- B
-B. Green L e * D.
Wood is burned most efficiently in-

A.” Open fires - C.
B. Fireplaces : D.

e . i .
Creosote formed when.wood-is burned is

A. Long burms between re5t0k1ng
B.  Incomplete combustion '

. C.. Cool surfaces .

D. All of the above:

Chimneys. serve the two basic funct1ons
away and

A. Preveuting downdrafts

B. Reducing air.pollution

Lineal

A

o
.

when

Cut for a few'days
Cut into short lengths

*

Stoves with controlled

all of the above
caused by’ -

<
a1

-

oz

Qrafts

of carrying hot ga?églgafgly‘

C. Creating a draft to bring air into the’ f1re

D. ' None of the above.

Ed

"

k-]

Inve5t1gat1ng Alcohol as Renewable Alternat1ve Energy Source

The two basic kznds of alcohol used for fuel are éthanol and-

-A. Isop.opyl alcohol ‘ C.
B. Methyl alcohol . T D.

Pure grain alcohol
None of the above

“

Ethanol is produced by the fermentatzon of sugats while methanol is "

made from
F

A Wood T ’_ . C.
B.. Natural Gas - . D.

Coal T
All of the -above "
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., PRE-CHECK (Continued)

ENERGY CONSERVATION 'THROUGH THE SELECTION AND APPLICATION OF
RENEWABLE ALTERNATIVE SOURCES

-

. N " . . " -
3. "Proof” is'a term used to describe alcohol )
° LR . = . * - - - ! "
A. Purity . +. ' " C. Burning ability . }
B.’ Taste . -, D. BTU rating :
4. In ordar for engines to run oun. fuel grade alcdhol you would have
to modify ) S
A. Cumpression-fatios : D. All of the above
B. Fuel air mix E. Nome of the above .
'C. - Some 'rubber and plastic compounds S -
5. Whace produét‘below is not .one that is used in producing alcohol as ) ) .
a fuel? ) . . . L i . "
. A. Mash - .7 C. Water: ‘
'B. Enzymes . D, Sugar
Conserving Energy Using Passive Solar Techniques 4
"he flrSE and szmplest approach to passxve solar heating is -~ = - S A:il
A. Isolated galn - : ' C. Direct gain . T . - :
" B. IndLrect gain . ’ . oL ' o
L - & ' 4' ’ : M - ' i
2. Desxgn pattern conszderatzons for solar passzve applzcatzons would s .«
: not include: ) ) - oo
A.- Bu11d1ng rate ~ D. Location“of thermal mass .
. B. Building ‘site and orientation E.*¢ None of the above ‘ : T
€. Location-of thermal mass : . ‘ 0
[ . 3 e - I . . ) - B . 1" PP
3, Hhich“of the following would not be found in a solar passive unit? )
. A. Trombe wall . | o * y
B. Clerestory windows and skyllghts *
C. Greenhouse system _ <
D. D1fferent1a1 thermostat : T
4. " Whiéh of the followinge-is an indirect gain element of passive solar r
energy? _ ‘ . R
AL ‘Clerestory windows C. Tﬁermosiphon effect o
- B. Roof pound D. HNone of the above

5
T - A

L




5.

. 4.

‘hot water system is

. A,

ST R Caw -

EE
%

. - PRE-CHECK (Contlnued) &

ENERGY' CONSERVATION C,'L‘HROUGH THE SELECTION AND APPLICATION OF
RENEWABLE ALTERNRTIVE SOURCES

. .
. b
e, . -

,The period between the absorp:1on of solar radlatlon by a material

and its release into a sPace is

4

AL Time lag . L C. - Transmittance 2
B. Time warp i . D. Thermocirculation
s ) - . T - 2
. . . - . . _ . - . éc
Examlnlng Solar Energy:Hot Water Systems .. . 2

L}

Which of the followlng terms is not aqsoelated Wlth the hardware for
a solar hot water system? -

>

c..
D.

Al
B.

Glazing .
Absorber plate , -

Differential thermostat
Solar comnsStart . C

§

One of 'the methods of combat:1ng the freezing of water in a solar- .

EN
- -

C.

D.

For high temperature applications of solar hot water, you would use
R - 5 . ’

C.

D.

A vapor barrier
Infrared radiation

A,
B.

The draln down’ system
Eutectic sal:s

A concentrating collector
A water wall .

A.
B,

Roof pond
Flat plate collector‘

L}

h

A ‘common antifreeze for a solar hot water system is

N -

A, Glauber's salt 2 c. Methanol-—— .
B. Polypropylene D. Ethylene glycol )
: : ) N
Examining Solar Energy-Hot Air Systems’ S - .

- . PR - . L

. The most common storage medium for a solar hot air systesd is

a

- ' . - " -

A. " Glauber's salt _ C. Ailr. L e .
B. - water o N ‘D. Trombe walls
. T o :
A major advantage of an air system is . - " 3s 2
It will not freeze I ) o L )
B. It 1is eompa:1b1e to most on-line home heating sys:ems .
.C. - A very small s:orage volume is needed -~ -
D. Ne batk-up system Is normally needed R .

-,,-... . ' L L}

-




" PRE-CHECK (Continued)

'ENERGY CONSERVATION THROUGH THE. SELECTION AND APPLICATION OF
RENEWABLE ALIERNATIVE SOURCES

Which of fhe following is a plece of hardware aSSOC1a:ed with a

hot air system?

A. Pump - . C.. Baffle
B. Valve - . D. _None of the above

" In an air system; heat transfer is accomplished basically by’
A. Convection <. C. Infiltration
B. Conduction ' _ ~D. Radiation

- +
5

. %
Building.'and Installing Solar Devices

‘A major consideration in deciding fo build and install a 'solar device
is -

" Idealogical o, C. Socioiogical
B.. Moral .- - : _D. Economic
a helpful method of determlnlng the f2331b111:y of installing a solar
device 1is

A. H;g: loss ' ) €. BTU rating

B. Edergy audit o D.. ‘None of the above

Which of these skills would probably apply to solar installation?
A. Sheet metal . ' C. Masonry

B. Plumbing D. Nome of the above

Because it 1is an iﬁpoftant component of :he energy ethic, you should
give consideration to this before deciding to build and install sélar
devices: .

A Conservation

B. Energy independence

C. - Use comventiomal fuels to stablllze costs
D. _All of the above ’ meoa

B s




PRE-CHECK KEY -

ENERGY CONSERVATION THROUGH THE SELECTION AND APPLICATION OF
RENEWABLE ALTERNATIVE SOQURCES )

Identifying Alternative Energy Sources’

2.
3.
4.
5.

4

Examining Wood as Renewable Altérnative Energy Source

1.
S .
3.
4.
5. ¢

Investigating Alcohol as Renewable Alternative Energy Source

1.
2,
3.
4.
- .

-

Conserving Energy- Using Passive Solar Techmniques

1. :

2.

3.

4. |

5. o ' L

°

Examining Solar- Energy-~Hot Water Systems

1 .
Z.
3.
&4.




PRE~CHECK KEY ‘(continued)

ENEkéX CONSERVATION THROUGH THE SELECTION AND APPLICATION OF
RENEWABLE ALTERNATIVE SOURCES ’

k]

-

IP=6. " Examining Solar Energy-Hot Air Systems

1.

Z. B
3. €
4. A

— - 1Ip-7. 'lBuilding_and.Instélligg_Soiar Devices




- ENERGY CONBERVATION THROUGH TRE- SELECTION AND APPLICAIION OF -
. RENEWABLE ALTERNATIVE SOURCES

-

IpP-1 Identifying Alrernative Energy Sources
OBJECTIVES
Upon completion of thls instructional packagey you will be able to:

A D15t1ngu1sh between those sources of energy that are renewable and thosge
‘that are finite.

‘B. List alternative sources of energy and wrlte a syn0p51s of each.

RESOURCES

“

Before you beg1n the activity for this learming package, review rthe re- -
sources 11sted below. :

Bobké:

Producing Your Own Power. Stomer, C.H. (ed). Rodale Press Book Div: Eﬁmeus,
PA 18049, 1974.. C0 :

Handbook 'of Homemade Power. The Mother Earth News. Bantam Books: New York,
NY 10019, 1974.

Energy Primer: 'Solar, Water, Wind & Biofuels. Merrill, Richard, et al.
Menlo Park, CA; Portolo Institute, 1974. . .

Films:

Challenge of the Future. DOE, Oak Ridge, IN

Energy: The American Exper1ence. DOE Oak Ridge, TN

Energyr New Sources. DOE Oak Ridge, TN

Energy for the Future. DQE, Oak Ridge, TN




PAruiText provided by enc ||

ACTIVITY
—_— ' .- .
A. Review the instructional resources for IP-1.

il

_B. Prepare a list of altérnative energy sources and synopsis of each.

determine and list each as being renewable or finite.,

 FEEDBACK

Objective A Check:

Objective B Check:

1. BRave you reviewed the resources listed?
“Yes No
. . :' -,
2. Do you have each source listed as either renewable or finite?

‘Yes . Mo A

.

L wk

1. Have you reviewed the resources listed?

Yes : No

N ———

Also

Check your l1st and szn0231s ‘with the list of alternatlve energy sources

in appendix IP-1. You - should have 85% accuracy.

SSZ Accuracy Yes - Wo




%

Renewable Energy Sourcés

t

Biomass
-Ocean Currents .

Ocean Thermal Electric Conversion
Solar

Tidal-

Waves

Wind

"Hydro Power

Peat

Wood

< 'Finite Energy Sourtes

Coal Tar «

Coal Liquefaction
Fuel Cells
Geothermal
Nuclear -

0il Shale

[Aruitox providea vy crvc [T R
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'Fact‘Sheets: ) b _ . T A

ENERGY CONSERVATION THROUGH THE SELECTION AND APPLICATION OF
RENEWABLE ALTERNATIVE SOURCES

Ip-2 Examining Woqd as An Alternative Enérgy Source

DBJECTIVES

Upon completion of this instructional package, you will be‘ able to:

Iaentlfy the characteristics of wood burning and the quantitative meaSure'
of heat produced.

List the hazards of wood burning and list the preventive measures for
each. Start with the harvesting of wood and work through .the complete
cycle. ’

Investigate the cconomics of wood to determime if it is a “viable 50urce‘
for the 1nd1v1dua1 and commercial appllcat1ons

RESOURCES

Review the learning resources listed below as they relate fo wood’
. ' -
Books, )
$ .
Heating_éith Wood. Weeks, é.A., J.P. Lassoie, and L.D. Baker. Cornell Uni-
versify: Ichaca, NY. . : :

Producing Your Own Power. Stomer, C.H. {ed). Rodale.Press-Book Division:
Emmaus, PA 18049, 1974. ) e )

Wood Heat. Agricultural Extension Service. North Carolina State University:
Raleigh,.NC, 1980. .

!
H

" SYNERGY:" WOOD FOR HOME USE. Agricultrual Extension: Service, North Carollna

State University, Rale1gh NC -

SYNERGY INFORMATION ON WOOD AS A FUEL.  A4gricultural Exten51on Servlce,
North Car011na State University, Ralelgh NC.

SYNERGY5 SELECTING A WOOD STOVE. Agricultural Exten51on Serv1ge, North Caro—
11na State University, - Ralelgh NC.

SYNERGY: FIREWOOD-MEAS™REMENT AND HEAT CONTENT.® -Agricultural Extension Ser-

vice, ‘North Carolina State University, Raleigh, NC. {P-~ 2,1~ &
4 & -

SYNERGY: WOOD STOVE INSTALLATION AND SAFETY. Agricultural Extension Service,
Nor:th Carolina Staté Unwers:.ty, Raleigh, NC. 1p~2, 3-% - :




ACTIVITY

LK

A.  Prepare a table of woods common Lo your area. Show théir burn character-
istics and the BTU rating of each for seasoned and green wood

Make a list of the hazards associated with wood processing and the burn1ng
of wood. Alqo list. the preventive measures for each hazard. ‘;

Prepare a position_ paperrshowmg pertinent data for your 51tuat1on showing
whether or not wood would be a viable energy source for you.

"FEEDBACK

Objective A Chéck:

[

1. Check your, figures against those in SYNERGY: FIREWOOD-MEASUREMENT AND
HEAT CONTENT located in the appendix. o

Compared - Yes - No

.

Objective B Check:'

| Check your -list of hazards and preventive measures with .the hazard informa-
tlon provided. in the appendix 1P-=2. :

]

Compared Yes - "Ne ) a

» -~

Objective C Check:

1. COmpare your calculat1ons with those on’ the economics of wood heat found
in the appcndlx . .

P

‘Favorable - Not Favorable
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. FIREWOOD — 'MEASUREMENT‘AND. HEAT CONTENT C ) %

Flrewood is sold many-differenit ways. usually by the cord. face cord or pickup load. The standard
-cord is the only Iegal unit of measurement for selling firewood in North Carolina.

- !

- The s!ar\dard cordis a vo!ume rneasurernent It is 128 cubic feet —- a pile of wood 4 feet high, 8 feet
Luross. with the |nd|wdual pieces 4 feet long. orits equivalent. Thas volume mcludes wood and air L4 -
spaces. . :

The cubic volume of any pile of wood can be determined by measuring its height, the lerigth of the
pile. and the length of the pieces. all in feet. The cubic volume can then be divided by 128 to determine
how many standard cords the pile contains. Example: 5 feethigh. 10 feet long. 2 feet wide equals’
approxnrnatély 8/10 cord {5 X 10 X 2 divided by 1286=.78). s

* The volume of actua| wood inacord depends onthe dnameterof the pieces. whetherthe wood issplit . .
ornot. how straight the individual pieces are and how tightly the wood is stacked. Large diameter. spllt o
logs generally contain more volume per cord than small diameter. unsplit wood

The amount of heat in wood is determined by its weight and moisture-content. notby itsvolume. A
cord of the denser species of wood like oak and hickory weigh more and have a higher heat content
than less-dense species like white pine and yellow popiar at the same moisture content. This means
egual weights of dlfferent species of wood at the same moisture contént usually have similar heat
' contents

When wood is burned in a stove of firéplacé. heat is used to evaporate water from the wood before
heat is given off. This is why dry wood produces more useable heat than an equal volume of wet wood
of the same species. .

The heat contents of some of the common wood species used for firewood in NortlJ Carolina are
shown in TABLE 1.

o Lt . . i o
: Prepared by
" Richard C. Allisori. Extension Forest Resources Specialist

Published by _ ;
THE NORTH CAROLINA AGRICULTU RAI. EXTEI\SION SERVICE e . ’ ) M

"North Carolina State University at Raleigh. North Caroling Agncultura! and Technical s:a:e University at Greensboro, and the U, s
" Department of Agriculture. Cooperating. State University Station, Raleigh. . C.. T. C. Sialock. Director. Distributed in furtherance
of the Acts of Congress of May B and June 30, 1914. The North Carolina Agricultural Extension Service offers its programs to all ~
eligible persons regardiess of race. color. or pational origin,snd is an equal cpportynity amployer.

-

8-80-10M . » . . (Revised) - HE 214-23




. TABLE1 . . :
HEAT CONTENTS OF SOME COMMON WOOD SPECIES USED FOR FIREWOOD IN NORTH CAROLINA

- bl

. Weight of wood ©°  Ave. weight of Possible recoverable - -Available heat per
A - at 20% moisture 80 cu, it. of solid heat per cord of 80 cord burned at 55%
. content . wood at 20% m.¢.? cu. ft, of solid wood* heating efticiency
WOOD SPECIES® POUNDS/CU. FT? POUNDS MILLIONS OF BTUS MILLIONS OF BTU'SS

Hickory 46.4 3712 . 258 C 142
White Oak . 449 o 3se2 ; 24.9 137
Red Oak, Beech 434 . 3472 249 133

SugarMaple Birch. = 419 ¢ .33s2 - 233 \ 128 ;

Ash a1.2 ? . %208 .. 228 12

" Siash, Longleaf 40.4 s232 . . 204 - . 1.2
Pine ' ' .

RedMaple 36.7 2936 . 04 1.2

'Lobiolly. ST 382 T 2816 o 195 107
Shortleaf Pine - -

Sweetgum . 344 2752 191 - 108
~ Tupelo, Elm . 344 2712 19.1 10.5
Sycamore 4 o752 - - . 194 R 105
Virginia Pine 337 . 2696 - a7 ‘ " , 1623”"
£ Red Cedar 329 . 2632 ; 183 B X I
Yellow P.‘Ctplar_ ' 30.0 . 2400 - . ' 16.6 . 9.1

£ White Pine . 25' 5 . 2040 e ' 7.8

*Species ranked from hughest heat content to lowest

2Computed from specific gravity based on weight when ovendry and volume green. -

3There are approximately 80 cubuc feet of solid wood per 128 cubic-foot standard cord. .

*Conversion factors Ar20 percent moisture content. There are8,600 BTU'S per pou nd of dry wood fiber. it tak&s -
1.400 BTU'S.to evaporate one pound of water frony wood. :

*Modern air-tight wood stoves are capable of prov:dung 55 percent of the heat available from burmng wood. Sorne :
provide more, some iess. . w oL
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WOrkmg Together for Enea*gv mmorrow

? wOOD ST_OVE INSTALLATION AND SAFETYE!

' Abovc- all else, jtoves should be msta.lled safely. The potential fire hazards of heating with
Z wood are fires started by: T .

T L. Radtanon from the stove; stovepipe or chimney.
2. -Sparks-and glowing coals escaping from the stove,
3. Flames escaping from a fauvlty chimmney.
4. Conduction of heat from chimney into combustible matenal.
5. Burning or glow:.ng rnaterial escaping from top of chimney.

To prevent fire hazards the ‘National Fire Protection Assoczahon (NFPA) has formulated install- -
ation standards for wood stoves=— -

E\-

Wells and Ceilings -

+

'I'he following are minimum clearances from combustible walls and ceilings for free-standing
stoves, -

Radiant Circulating Size of
Stove Stove : Stovepipe

. 77

Unprotected - e R ].} n BN T Ul
1/4" asbestos m.lllboard ' 36" : 12" 18"
1/4" asbestos millboard spaced out 1" 18" 6" AL
28-guage sheet metal on 1/4" ashestos

millboard ©o18m 6%
28-guage sheet metal spaced out 1" oo 4"
28-guage sheet metal on 1/8" asbestos

millboard spaced out 1% . 12 o4

r

Floors

* i -

:S_t_a.ndards to Protect Floors from Ra.;iial.:lt Heat and Burning Material

1, Never place 2 stove on an unprotected combustible surface.

2. Place stove on sturdy non-combustible floor that extends at least 18 inches beyond the stove
on the sides with doors or other potential openings.

3. Suitable muterials are 24-guage or thicker sheet metal, 1/4-inch or thicker asbestos riill-

! board covered with 22-guage sheet metal mortared bricks or stone  cConcrete, etc. Floor
shields can be bought ready made, or they ¢an be custom made. ! .

-

"Chtmnev Connector {Stovepme From Stove to Ch1mev)

.

Standa.rds for Fire Safety and Draft ) . *

!
1. Steel stovepipe should be atleast 24-guage. !
2. Secure each stovepipe.joint with a minimum of three sheet metal screws:
3. Stovepipe spans longer than 6 feet should be provided with outside mecharical support,
4. Stovepipe should be accessible, - —
S. Stovepipe should be made physically secure to chimney. (Use high temperature cement.)

. 6.~ Stovepipe should penetrate through tf[‘itx:xier surface of masonry wall, but not into flue space.

FullText Provided by eric [




Clearance between stovepipe and combustible surface must be at least 18 mches./
Stovepipeimust not pass through a ceiling.
If stovepipe passes through a wall, it must be protected in one of the foI.lOWlng ways:
a. A tnetal ventilated thimble is vsed where diameter is at least 12 inches farger than
. the stovepipe's diameter, giving at least & mches of ventilated, metal-lined clearance
around the pipe.
.b, A metal or burned fireclay thimble is used and is surrounded by fireproofing rnatenals
{such as brickwork} extending at least 8 inches beyond the thimble. -
c. No thimble is vséd and no combustible material is within 18 inches of the pipe. The
hole may be closed in or' .covered with non-combustible materials such as masonry,
asbestos millboard or sheet metal. :
Dxameter of stovepipe should be no smaller than the stove s pipe collar diameter to assure
adeguate draft, -
The stovepape should be no longer than three fourths the he;ght of cl-nmney Irom flue collar .
to top.
The horizontal distance of stwep;pe should slon"* up towards chlmney 1/4 inch per foot.
Stovep:.pe should be limited to two 90-degree tirns.

Sections of stovepipe should be placed into pipe below it to prevent creosote of condensate )
from leaking to outside. - -

LChimney

Ch;mney Standards for Wood Stoves , ‘ ) o

”

Fa.ctor)r built metal chimneys should be designed for wood fuel. {"class A chimneys).
Masonry chimneys should have fireclay flue liners. -
Stovepipe shouvld not be connected to a flue that serves a fireplace unless the fireplace or 1ts
flue are sealed. (Do not connect two or mere appliances to the same ﬂue.} .

Chimneys should terminate at least 3 feet above the. roof where they penetrate through it, and
at least 2 feet higher than any part of the roof within 10 horizontal feet. .

Ch:.m.ne,rs showld be inspected for leaks and excessive creosote build-up.

i

‘Additional Precautions

- -
-

_In addition to the previously listed standards, -the following precautions should be taken:
l. Use a spark arresting screen (g-mch mesh) on top of ch;mney [Keep screen clean. }

2. Use smoke detectors around wood burmng stoves as well as in sleeping areas.

3. Keep a water hose or hand-operated sprayer close by for safety, - :

4. Check with your insurance company to make sure pohcy covers use of wood stoves.

5. Inspect and clean stove periodically.. -

~ 6. Locate furniture away from stove area. .

7. Store wood a safe distance from stove. )

8. Store ashes in non-combustible container or location. .

9. Never use gasoline or other highly flammable liguids to start fire. . . .

Never allow complacency to-;cre-a.t':e carelessness. Carelessness can cause your home tq burn.

o

Prep:;. red by Housing & House Furnishings Depa rtment
- 1
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ENERGY CONSERVATION THROUGH THE SELECTION AND APPLICATION OF
' RENEWABLE ALTERNATIVE SOURCES  °

1p-3 Investigating Alcohol asikepewable Alternative Energy Séurce

" OBJECTIVES

Upon completion of .this instructional package, you will be able to:"

Determine the feasibility of using alcohol as a fuel from the standpoint
of economic feasibility, hardware adaptability, and raw material supply.

L3

Produce fuel grade alcohol.
Produce gasoholg
RESOURCES

Fact Sheets: : ' N

The EnergyICOnsumer: Alcohol Fuels. DOE, January -1980.

- SYNERGY: QUESTIONS AND ANSWERS ABOUT ALCOHOL AS A FUEL. ‘Agricultural Extén- 3
' sion Service. North Carolina State University, Raleigh, NC. - :

- Video Tape: : ' '
N -

Alcobol ... Bfooks_ﬂhitehurst; North Carolina State University, Industrial
Arts Education, DOE Workshop, 1581. ’

fnformation Sheet: Alcohol Fuels 1P-3,1-3
. -




ACTIVITY : S f S g
- A. ‘Construct an operating packed €olumn distiller (See Appendix IP-3-1-6). )

- Ll

B. Perform the scripping process-anﬁ refine fuel grade alcohol.

- t d o
C. Using the plate d1sc111er proggded, refine anhydrous alcohol by azetrophic
distillation. 1 o .

D. Produce gasohol,.

o e &
,FEEDB..CK . Lo )
- : . o S
Ob jective A Check: : . . o B L ' L

1. Present your feasibility study to your instructor fof approval.

Insc;uccor-Approval

Objective B Check:

1. Quote ché’quancicacive amount ‘of fuel grade alcohol you were able to produce.
- R . - g\-

.- M -
L - r

1 - - ;
i . =

2. Did the engine-provided rum on your alecohol erlz' .

: . L Co " - -
Yes No ) -

—_— . — -

Objective C Check: . ' : _ N

~

E 1. Quote the quantitative“amount of.anhydrous alcohol you produced.

& . - 4 -

2. _Was there any evidence of water in your gasohol as shown by the separation
of water due to its’ h1gher specific-gravily and 31nk1ng to che bottom? -

Yes No : N
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BUILD A STILL . (FEDERAL PERMIT REQUIRED) - -

EQUIFMENT NEZDED

5

| TESTTUBE
BEAKER -

CORK FOR THE TESTTUBE .

1
1 L - SHAPED.GLASS TUBE
1

COLLECTION .CONTAINER
'_nasﬁ SOLUTION
CONVERSION ENZYMES
YEAST

PROCEDURES

PREPARE MASH ACCORDING TO RECIPES :ON*A_TTATCHEI_) PAGE. ..

PERMER? YOUR SOLUTION ACCORDING TO THE 'INSTRUCTIONS ON THE
& : :

ATTATCHED PAGES. AFTER 3-5 DAYS STRAIN THE LIQUID AND
PLACE IN THE DISTILLATION TESTTUEE.

DISTILL THE LIQUID’ 3Y PLACING THE DISTILLATION- TESTTUBE
IN A BEAKER 3/4 FULL OF WATER, HEAT THE WATER TO 1800F,
COLLECT THE DROPLETS ENMERGING FROM THETGLASS TUBE IN-THE . -~

COLLECTION CONTAINER. THIS IS ETHANOL, AN ALCOHOL FUEL.

'8
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A DEMONSTRATION STILL

° TESTTUBE

-

STRAINED MASH

BEAKER

' WATER BATH

FEDERAL PERMIT REQUIBED

L - SHAPED GLASS
TUBE

.

————

COLLECTION CON
CONTAINER

HOT PLATE
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FERMENTATION

Fermentat fon ix thu_pruvvsﬁ that takes place when veast (a pline-1like
prowth) Ls grown iu.a saapar-witer solution.  When yeast plants are Lrown. in
supgar = water rhiey nse the sugar for food and give off alcohol and carhon
diuxide as bv=products. The ciarbon dioxict is released as a gas, leaving an

+  alcobhol=witer .sviutfon for distillation, ’ -

Feementaridn is n very simple process. Adding yeast. to Sugar-water (the AR
resnlt of conversion which is euplaindd below) begins the process which conpleces )
in 3 to 5 days.” Since carhon dioxide fax is given off while yeast are growing,
you can tell that the process has bheen cormpleted when carbon dioxide stops
bubbling off. Because carhon dioxide gas can build up pressure during fermentation,
you should not cover your fermentatinn tightly. A loose covering of plastic wrap

~or a Lermentation lock. atatlable in wine-maker shops, is sufficient. Do not, .
however, leave the fermentation open .to the air. . Wild veast could get into the

container, causine unpleasanc odors, and—fruit Zlies vhich get into an dqpovered
fermentation tank can cause Lt to turn to winegar. Vinegar makes a poor fuel.

Yeast plants die in their own waste when“the concentration of "alcohol

in the 1iquid reaches between 15 and 20 percent, depending on the type of ' v
JeEast yod use. FYESST SahblTed W *ﬁ‘y6ur—ktt—ts—ﬁesignedfto—have—a—higb :

registance to alcohol 3nd works very well. Yeast may die. early, however,

if the yeast has been stored too long or 1f the temperature of the fermen—
tation 1s allcwed to drop below 20 Degrees F. You can determine whether or
not the fermentation has reached it's maximum potential by using your small l'
hydrometer. o : : o

. . . hd .-

Before adding yeast to the sugar-water, use the smalljhxdrmeter to test
a sample. The small hvdrometer is calibrated to read the potential alcohol
that will result from the fermentation’ of vour Sugar-water. Record che read-
ing. When your fermentation stops, take another reading. You will then be
able to tell whether the fermentation reached maximam potential, For instances
If your first reading was 18%, that would mean-that the final result of a
‘complete fermentation wouid yield 187 alcohol, IL your reading after fermenta-—
tion stops is 5%, then the fermentation stopped with only-a 132 (18%-5% = 13%)
density of alc¢ohol having been- achieved in your mash. You would :hen-re-gta{t-
the fermentation by adding more yeast... If, on the other hand, the second reading

is 0%, then you have achieved a total comversion of sugar to alcohel.

L1

The step~by-step instructions for making a good mash are'exp}ained in
the section on mash methods but remexber that this is a process that is .
learned by doing. 1In a'way,‘i: is an art, and you must work with the process
to become proficient. We advise that you begin with ssall fermentations,
and work np to 30 -or 50 gallen capacities over a period of time as you learn.
Once you reach this stage, you c3n put down large quantity mashes and process
the results fn 5 gallon batches through your still on the weel'end, :

-

- .

BESchﬁ_msmL&B\-E . o

. j | | 1-4'9‘ 16’-3 ‘
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CONVERSION - ‘ : - : 1p-3,4

in order for veast o ferment, tha yeast plant needs a simple sugar -Co
feed on. The naturally occuring sugars such.as sugar cane and fruic sugars
are ideal for this purpose. In countries where there are large domestic supp~
lies .of cane ‘sugar, making fuel nlcohol is simple: the sugar from the cane is
_mixed-wich water and fermented. Distillatien produces. fuel alcohol. In.
North America where there 1S no iarge supply of naturally occuring Sugars, ve

-~

‘must take one addirionsl step. This invelves the conversion of starch, a com=
plex form of sugar, into.cthe sipple sugars which the yeast plants need for’
growth. : o : '
We have ah abundance of starch in the form of a highly developed agri~
culture. Fotatoes, corn, rice, 2cd a vhole host of grains and tubers 3re.
. high in starch centent. Conversion is tae process ot extracting the starch -
from tbese plants - and convercting the starch to simple sugar. ' '

. Extracting the scarch is very simple. We simply mash (grind, grisc .or
mill) the rlant material, mix it with water and apply heac for 2 short peried
of time. You Ju this every time yuu boil vegetables for a geal — the water,
or “pot likker,” vou pour down the drain is full of starch, : : .

Nature, fﬁﬁT'tUnverts—stareh-eﬁfsugnr At_the time plants serﬂiﬂa°3= chey

@wust convert the starch to Sugar to supply growth energy for the plant: 1%
order to mzke the cenversion, plants produce somithing known a3 enzyoes. ' These
enzymes are a very powerful bacteria-like material which achieve the conversion
very quickly snd completely. We are able to produce these enzymes inexpensively
in the laboratory ang we can use Cthem to -convert starch to sugar fo¥ the purpose
of fermentation. The use of enzvmes makes alcohol as a fuel practical in our

COURCE!. H . -

A very small quantity of enzymes comnverts a surprisingly large quanciry
of starch to sugar. The exact amounts are given in the section on mash .
. methods. While learming the process, however, you may wish to skip Ehe conver—
sion of ®tarch to sugar by mixing table .Sugar with water to start your fermen—
tation. This 1is net an economical way to make fuel but doing a small baEch
of about 5.gallens in this way is a very geod way Lo learn the process. (Note:
snzymes and yeast may be purchased trom Your local dealer o¥ from Victory 5F1113

- -

MASH METHODS

Mechod #1

_ -This firéc }échﬁd is very general in nature- and ig used to take quan-

tage of the waste-vegetables and fruits thac the average family throws &way

each day. No exact quantities are given.. You will learn by experimentation.
. - : v . .

1. Collect starchy vegetable leftovexs (don’t forget to include-any "pot

likker™) and any leftover fruits or fruits’ julces, .or anyching else con-

taining sugar or starch. You may also be able to work out an_arrgngemenc
with the local grocery store to. buy fruics and vegetables chat are-golog

bad for a reduced price.

2. Masb up these fruits and vegetables, addling enough water to give the mash

' ﬁ“sbup?*consiscanCy+__Add_;j& teaspoon of Victory EnzymgAI for each‘fi?e

gallons of your mash and stir. —- e,

3. Heat the mash quickly te the boiling point and b°i1 for 30 minutes.

189 =
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MAKING GASOHOL - T

L

JGasollol is 4 migture of lﬁf’anhydrous aicohoi and 90% gasoline. Since

‘anhydrpus means alcohol without any warer concent, -i.e.. 200 proof, and since

. your.szill will noc produce 200 proofl alcoiol, we mus z-use other Teans o
remope the smali amount of remaining warer from your alcohel. A scill will

* not. do zhe jub buecguse of the cpall amount of chemtical bonding that occurs
bGCUeeP alcabol and water. A gmill separdtes wo liquids dJdue te a difference
in their boiling temperatures. Cenerally. .aleohol boils at a muth lower

- temperatore thau witer, but when we reach & vwery high proof, the formacion of
the éhemical bonds makes the 11qalds boll at-the same remperature, thus ruling
out the still 4s the means of fucher separazion.

- 1t is neCesSsdrYv to remove the water from the alcohol. Gasolige can cause
alcohol.zo lose the remaining water onder certain coaditions of temperature
and, since witer has a higher gpecific gravicy than either alcohol or gasoline, .
iz will sink £o the botzom. The gas tank of your car will glways have some
wacer in iz due ro condensation, but we do not want £o lncrease the problgn
by using an improper gasohol mixzure. -Water in your rank can cause your €ar o
‘cut off if.it gets into che fuel.lines, which, while it’will noc harm your car, .,
caw be—very inconvientc. o . : @ :

In order to remove the warer from the alcohol, we cam use one of several
methods. Cerzain chemicals can be added in the disczillarion process to prevent
alcoheol and water from forming chemical bonds. aAnother method is to add a
chemical (sodiom hydtuxide) to the glcohol after iz 1s Produced ro absorb_:he.
water S0 that it will not cause a problem. Since sodium nydroxide is inexpen-

: sive agnd-.readily available, you may wish fo use chis method. Another method
which wotks (chough we admitz- iz is somewhar primicive) is to simply mix your
alcohol in a container with gasoline. Since the gasoline will cause the water
‘o separaze and fall to zhe bortom of the contaimer, it can be siphoned from
the borzom of the container. You would then pour the alcohol and the gasoline
mixtyre inzo your rank. .\ I ‘ . <&

: wWhile chis method would be impractical on a commercial scale, it works
quite well in the quantities we are dealing wich.

. One, question abour this mezhod remains. How-do you know 1f you have
femoved-—enough water? 1t is really very simple to calculate. . -,
" When you measure the proof of your alcohol, you learn what percentage is
water, Once you rexove close to this amount, it is safe to pour im your trank.

a8 an exawple: If you have a gallen of 190 proof aleohol, :hen;we know cthat it

-18 957 aleobal {(divide proof by 2) and. the remaining 5% is water. A #allon

. conzains 128 ounces, s0 once wu have removed cloie £o 6.4 wvunces ot water
(128 x SZ) the mixtare can then he poured into vour tapk.
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5dd another 1/4 teaspoon per five gallons of gash, and allow ic to stand for
10-15 nminutes.

This completes you conversion of starch to sugar. You may test for com
plete conversion act this point.with ordinary houscehold iodine. Take a

small quaqcxcy of your mash and add a drop of fodine. 1If the color of the
sample turns pink, then the conversion is complete. If the.color of the
sample turns blue or purple, then you have not converted all the starch to
sugar. In this instance, younshould add more enzyme and boil l:he wash again.
Ianf voeur masi into a fermentacion tank (a small trash can is 1deal) " Test
with vour small hydro.eter, as explained, ‘and record the reading: If the
rerting is above 157 to 207. then adjd enough water to bring the reading

duwn Lo These levels.

Add 1/4 teaspoon of Victurv Enzyme T1 for each five gallons of mash. This
enzyme conrains veasr natriants (much like fertilizer for plants) and some
cliric acid 1o adjust the acidicty for besr yeast action.

YOou ncw add vour yeast. The mash temperarure should be between 70 and

0 dusrecs £. when the veinst s added and should be kept in this range
dm Ing e cntire fermentatjon period. Since yeast are plants, they will
eu:tlptly as thev grow. Mix 172 teaspoon of yeast wlth a small quanticy of
vara wacer for each {ive gallons and put the dissolved yeast inte your

wma she .

1

After 3 to 5 days. your fermentation will be complete. Strain .che liquid -
" (wash)-and place it into vour Victory Still distiliation kettle. Follow
the distillation directiuns to extract your fuel alcohol.’

Method #2

" Thisz is an exact measurement method based on a bushel of corm. You .
m3y increase or decrease the quantities as long as you kéep the same porpor-

:10ns. : =

Y. Stare with one bushel of well milled corn (corn meal). A bushel of corn
when milled eqaals 54 pounds of ‘corn meal. S '

2. Add 30 gallons of water.

3. Follow the directions giveu under method #1, starting wich number 2.

1P-3, 5
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ENERGY CONSERVATION THROUGH THE SELECTION AND APBLICATION-OF
' ' RENEWABLE ALTERNATIVE SOURCES ’

+ ’ - ¢ - - -
IP-4 Conserving Energy Using Passive Solar Techniques

OBJECTIVES
Upon completion of this instructional package, you will be able to: .
A. Determine how much’ solar energy is available for our utilization.

. B. Discover ways this available energy can be used without applying active
energy to 1it. o

RESOURCES

7 . F

* Books - . . ) —

The Passive Solar Energy Book. Mazrié, Edward. Rodale Pre;s-Boék Div.:
Emmaus, PA 18049, 1977. ' T

Passive Solar Design Handbook, Volumes I and 2. DOE, 1980.

Films:

Solar Design. HUD.
Tﬁe Sola; Builders. HUD.




ACTIVITY

A Rcadyﬁnits 1 through 4 from The Passive Solar Energy Book.

B. Perform any two of the following classroom activities from Solar Energy
"'Eerrlments ¢, D, and E, . -

C. Complete-ekperiments 10 and 11 from Solar Energy Experiments.

4
- FEEDBACK

Objective A Check:
1. Present your calculations to your instructer” for approval.’

" .

Instructor's Approval

-

~Objective B Check:

-

1. Have yous completed classroom activity C?

Yes " No

. - Have you completed classroom activity D?

Yes No ¢

Have you completed classroom activity E?

Yes . No

‘Have you completed experiment 10?

Yes | - No

Have ydu completed experiment 11?7

Yes Mo




ENERGY CONSERVATION THROUGH THE SELECTION AND APPLICATION OF
RENEWABLE ALTERNATIVE SOURCES ~ - =

T ]

IP-5 | .Examining Solar Efergy-Hot Water Systems

'

 OBJECTIVES : °

" Upon complecion of this instruccional packagé, you will be able to:

Discover ways hot water can absorb, store, and transfer solar energy.

t . S /

RESOURCES
s ] ‘___\""\./
Books:

am

‘The Passive Solar Energy- Book.  Mazria, 1979.

Active Solar Heating and Cooling. Solar Energy Research Institute, DOE.

o

. I
. B "
Factsheer: . . . qi . v

-

¥

Energy Storage Technoiogy. ISolar Fagtsheet,;DOE.

-




ACTIVITY

Aﬁ': Complete experiment 14 in Solar Energy Expériments-

_FEEDBACK

Objective A Check: . ' .

1.- Present the results of experiment 14 to your instructor for evaluation.

-

Instructor's Approval




-
-

ENERGY CONSERVATION THROUGH THE SELECTION. AND APPLICATION OF
RENEHABLE ALTERNATIVE SOURCES

P-6 Examining Solar Energy-Hot Air Systems

BJECTIVES
 Uponm complétioﬁ of this iﬁst;uctionaf package, you will be "able to:

A." Discover ways that air can.absorb, store, and transfer energy.

RESOURCES

Books:

Solar Energy Experiments. Norton, 1978/

. ' o .,
The Passive Solar Energy Book. Mazria] 1980..

", Producing Your Own Power. Stomer, 1980.

Harness the Sun. Keyes, John. Conestlogd Graphics Publicatiom: Denver, CO,
1974.

% : -

Active Solar Heating and Cooling. Sexli, DOE.

Factsheet:

Energy Storage Technology. Solar Factsheet, DOE.




ACTIVITY

A.- Complete eipérimenf 16 in Solar Energy Experiments.

s

FEEDBACK

[

‘Objective A Check;-

1. Present the results of experiment 16 to your instructor for approval.

_—

Instructor's ApprovaI.

Submit your completed plans for the solar device to your imstructor
for ‘approval. :

-

Instructor's Approval




ENERGY CONSERVATION THROUGH THE SELECTION AND APPLICATION OF
* RENEWABLE ALTERNATIVE SOURCES

v

*

1P-7. Building and Installing Solar Devices.

T e

OBJECTIVES o SR i

Upon completion of this instructional package, you will be able to:
I . .

" Demonstrate a knowledge of solar design and comstruction. >

Demonstrate basic skills associated with solar emergy comstruction.

Make calculations related to ‘the solar ené:gy.application.

‘ RESOURCES
Books:

The Passive Solar Energy Book. Mazria.

Build It Book of Solar Heating Projects. Foster.:

&

_ Solar Hot Water and Your Home. National Solar Heating and Cooling Center.

¥
-

The Solar Emergy Notebook.  Wilson.

Pagsive Solar Desigr Handbook, Volumes 1 and }. DOE..

Harnessing The Sun. Keys.

Selar Energy Experiments. Norton. 1978.
Magazines:

Mechanics Illusfrated. Junc ié?&.




ACTIVITY

A. Design, construct, and evaluate
N collector. : - 3

FEEBACK

.Objective A Check;

l. Pqisent your design of 2 solar device to your instructor for a critique
and medify where neceded. .
. + R . .

- B

2

Modifications Made: Yes No .

Objective B Check: )

3 ' - - : - - -
1. Have -you complated -your solar device according to your specifications?

Yes No ~ .

Have your instructor examine your solar device for craﬁ&smanship. .

L . kS

Excellent Gbod Fair - ' ) Poor ) -

Objective € Check:

1. . Does your solar device ‘work?

E

Yes No

2. <Submit vour calculations and evaluatior of your device to your imstructor.
for final approval. :

* Approved: Yes ‘ No

PAFullToxt Provided by ERIC




POST-CHECK

ENERGY COhSERVATION THROUGH THE SELECTION AND APPLICATION OF
RENEWABLE ALTERNATIVE SOURCES

Directions: If the statement is true, circle the letter "T.” 1If the state—
ment is false, ‘circle the letter “F." - -

‘1. The energy in wind is renewable, R

2. Nuclear'energy is an alternative soturce of energy. &

-

Alcohol is a relatively new source of energy that hlstorlcally has
never been used before.

OTEC stands for Ocean Thermal Electric Conversion.
Biomass is plant material in any form -from algae to wood .

This is the first time in the history of man that he has had to seek
alternative energy sources.

011 shale is a renewable energy source.

A rerewable energy source is ore whose replacement rate equals or
surpasses 1ts-consumption rate.

" Coal 11queflact10n is a natural process occurrlng in nature so no
energy has to be expended to dccomplish the process.

Energy from the geothermal process is theoretical and probably will
not be utilized in the near future because of its many complications.

Wood is sold in a volume, of 128 cubic feet which {s called a cérd.
About 80% of the accidents in the woods 1involved with wood harvest-

ing result from unsafe working habits and only 207% from unsafe
conditions.

Felling a tree is the process of cutting it into lengths.

Booking a tree is the process of relievirg tension on a.downed tree
.supported at tio points.

" Stoves should -be placed at least 36" away from combustlb e materials.




.
te

16.

. The total length of a stovepipe should -be 1ess than 10 feet.

o e

POST-CHECK (Contirued)
ENERGY CONSERVATION fHROUGH THE SELECTION'AﬁD-APPLICATION oF
RENEWABLE ALTERNATIVE SOURCES
Wood yields its highe;t BTU rating wﬁen green.
A'dampen is not needed with wood §tbves.
Creosote formation intréase with cooler Surfaceé.

Flue fires are more 11ke1y to start when you have a very hot fire .
in your heater.

Wood fireplaces are more efficient than wood stoves.

. .
The purpose of a chimney is to carry hot gases away from the fire
and to create a draft, thus bringing air into the fire.

.. Where masonry chlmneys are not available or practlcal, a UL approved
"ALL FLUE metal chzmney can be used.

The stoveplipe may be redqsed between the stove and the chimmey flue,

The stbvepipe may enter the flue at a point that is lower than the
outlet of the stovebox.

Fermentation is the process that tiiiffglnee when yeast is grown in-
a sugar-water solution.

Conversion is the process of: exractlng the starch from plants and

_ converting the. starch to simple sugar e, 5

T F
T F 17.
T F 18.
T F 19.
T F- 20.
T F 21.
T F 22
T F 23
T —F24
T..F 25.

F 26,
T F 27.
T F 28.
T F.29.
T F 30.
T F 3I1.
T F 32.
T F 33.
T F 34.

P -

+,

A still separates two liquids due t6-a d:fference in their bOlllﬂg
point. . ’

Gasohol’ is 2 mixture of 20% alcohol and 80% gasoline.

' . . - .
Isopropel aleohol is a fuel grad&‘alcohol. -
Methanol is made from wood:, coal, ‘and natural gas.

"Proof" is a term used to describe élcohol'taste. ,

Compression ratios and fucl air mixes wOuld be needed to run an engine
on alechol. - g -

.

Enzymes are used to speed up convgrsion{of starch to sugar.




POST-CHECK (Conﬁinued) i
ENERGY CONSERVATION THROUGH THE SELECTION AND APPLICATION OF
’ PRENEWABLE ALTERNATIVE SQURCES

e

-

Two Hupdred (200) proof is 100% puTe alcohol.
Passive solar energy utilizes outside energy to collect heat.
. A rrombe wall is ap example of ipdirect gain. .

- . - - - .
The angotlan distance between .true south 2nd the polnt on the hori-
zon directly below the sun is the azimuth.

Time lag is the rime 1t takes heat to rravel through an objecr.

The solar constant is the émbunt_of solar reaching rhe earth's sur-
face.

The angle of 1nC1dencc is" the angle that the sun's rays make w1th a
line perpendicular to 2 surface.

Insolation is the amount of solar radiation striking a’ surface ex-
posed to the sky. . - . -

A

Retrofirring is installing 2 solar system in @ new sStructure.
"A clerestory window is one placed low in a wall.
r
A berm is a man-made mound, or small hill of earth.

A dimu down system uses antifreeze to combat Ereezingl

High temperature how water applxcatlon in solar energy utllxze
flar plate collectors. '

Heat transfer 1s the amount of heat that tan be drlven from One
medium to another. . :

o

The four main elements of a solar hot water system are the colleczor,
sborage tank, auxiliary heat supply, and the control system.

A solar concentrating system normaliy will 1nc05porate a tracking
device.

Rock 1s a common storage medium for solar air systems.

El




POST-CHECK (Con51nued)

ENERGY CONSEBVATION THROUGH THE SELECTION AND APPLICATION OF
RENEWABLE ALTERNATIVE SOURCES

-7
-

In an air system heat transfer is largely due to radiation.

A baffle is a device used in an air system to block the reverse
flow or escape of air.

Most ofren solar air systems are compatlble with existing forced
ailr systems.

Alr is a convenlent and easy medium to work with in solar applica-
tors. -

Skills in heatlng and air conditioning will transfer to solar con-
Structlon :

You should be able to estimate costs of construction and payback
periods to determine .economic feaSibility of solar energy.

b

. The moral and SOC131 Justlflcatlons for utlllzlng solar energy are

un 1mporcan t.

The technology needed to urilize solar energy is several years away.

1 .
The orientation of a collector is unimportant tro rhe amount of heat
1t can collece. '

-]




POST-CHECK KEY

ENERGY CONSERVATION THROUGH THE SELECTION AND APPLICATION OF
' RENEWABLE ALTERNATIVE SOURCES

Identifying Alternative Energy Sources

|

OW@‘\JO\\TJ‘-“WMI—'
w w3 L " e

&

Examining Wood as Renewable Alternative Energy Source

Fy E

T
T
F
T
T
E
F
T
T
F
T
T
T
F
3

' InvestigaEIhE"ﬂTEEHST‘ES‘REﬂewabie—Alternatiﬂb-Energy Source
26. ’
27.
28.
29.
30.
31.
32. -
33.
34.
35.

HEEm e A




POST-CHECK KEY (Continued) c

ENERGY CONSERVATION THROUGH “THE SELECTION AND APPLICATION OF
_ RENEWABLE ALTERNATIVE SOURCES

Conserving Energy Using Passive -Solar Téchniques

36. -
37.
38.
39.
40.
41.
42.
43.
4l
45.

LR GLEELELELELL

Examining Solar Energy-Hot Water Systems

46.
47.
48.
49,
50.

Examining Solar Energy-Hot Air Systems

5.
52.
53.
54.
55.

Building and Installing Solar Devices

56.
57.
58.
59.
607




MODULE EIGHT

. ENERGY USED IN SMALL BUILDINGS AND HOMES

!
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ENERGY USED IN SMALL BUILDINGS AND HOMES

Energy conservation is based on controlling energy uses in the home and in
small buildings. Households and small buildings use about 21% of the total
energy in the nation. It is important to become aware of thc major uses ofn
energy in the home so that efforts can be made to conserve and more efficiently
use it. The w1111ngness to conserve epetrgy will help to make more product1ve
use of the world's and America's resources. .

Students should become more aware of the energy wses in the home. "It is
the purpose of this module to help students recognize the major uses of energy
in the home and develop habits and attitudes toward better conservatJOn.

TERMINAL PERFORMANCE OBJECTIVE:

Given the resources of energy uses in the home, survey major appliances
(such as space heating and cooling, electric appliances) and determine the rel-
ative consumption of each as measured in the appropriate units {compare energy
used, in the home with epergy used on the natipnal level by referring to the
resource).

" INSTRUCTIONAL PACKAGES

iP-1. Inventory Enefgy Uses in the Home

- IP-2. Compare Energy Uses in the Home with
"Monthly Energy Requ1remEnts of House-
hold Appliances™

s

Draw a2 Floor Plan of the Home and Locate
the Position of Energy Uses




S

PRE-CHECK

ENERGY USED IN SMALL BUILDINGS AND'HOMES

*

¢ o v .
DIRECTIONS:  Answer the following by placing a "T'" for true or an "F" for
false on the blank. )
‘- . : Y
Inventory Energy Uses in Home

A meter used to measure the’ amount of electricity used is called
a kilowatt hour meter,

-

The dials on a power meter all turm in the same direction.

The information on appliances that refers to energy use factors such
as volts, watts, ampers, e:c is found only on the shipping box or

crate. ) ) . o~ =

Compare Energy Uses in the Home With "Monthly Energy Requirements of
Household Appliances” ' ' -
Inven:ory the app11ances in the home {(inventory in ipr-1) and compare
with the "Monthly Energy Requ1remen:s of Household Appliances™ - Form
C. .

Draw a Floor Plan of the Home and - ate the Posi:ionvof.Eﬁergy_Uses

*

a floor plan includes the walls of the home.

The symbol for a light fixture is a small circle with 'a line -through
:he circle.

There is more than one source of energy uses that services :QE home.

° ]

o

\




' PRE-CHEGK KEY

-

ENERGY USED IN SMALL BUILDINGS AND HOMES

Inventory Eggrgy Uses” in Homes

1. 7T
2, F
"3.- F

Compare Energy Uses in the Home with "Monthly Energy Regquirements
of Household Appliances"”

An inventorj of appliances used in the home will have to be comparéd
with the '"Monthly Enerpy Requirements of Electric Household Appli-
. ances.” :

® Draw a Floqr Plan of the Home and Locate the Position of Emcrgy Uses

1. F ) " . *
2. T :




ENERGY USED IN SMALL BUILDINGS AND HOMES

-
El

. PP-1 ,  JInventory Energy Uses in Homes. -

I
-

OBJECTIVES
Upon completion of this instructional package, .you will be able to:

A. Inventory the eneggy users in the home.

-

"

B. Calculate the relative consumpticn of each appliance as well as the total:
energy consumed in a twenty~four (24) hour period of time.

RESOURCES

Lg
- 8

Books:.

Lroviding for Energy Efficiency in Homes and Small ffiiddngs. USDOE. Publi-
cation 06065, Pdrt 1; Education Division, Wast; ~“on, DC 20585, pp..43~
48. - '

Pamphlets: i
Tips for Energy Savers. Fedéral Energy Admir ion, Publication FEA/D
77/212, August 1977, pp. 32=33. o -

=

Award Winning Energy Education Activities - 2mer.cary and High School
Teachers. Energy Research and Developw. . Administration Technical Inform-e
'ation Center, P.0.°Box 62, Oak-Ridge, 7 37830, pp. 19-20, 24~29..

Handouts: -

Monthly Engﬁgy Requirements of Electric Appliances { P=
. . r
Local Utilifies Monthly/Yearly Need and Rate Information

Home Enérgy Conservation Primer. Vogel et 2l., West Virginia University,
Morgantown, WVA 26506, August 1980, pp. 521. -

L3




ACTIVITY

A.

'u!-'k'in?, lp'f;S’

Using P-4 1~% write down the readmgs of apphances that are used in the
home as recorded opposite the onas hsted on the handOut(Jp ~1=3

L
Rer.;ord,the total amount of "encrgy usSed in the home for a twenty-fou‘r hour
period .(this was a previous arsignment). Record che' percentage of cach
appliance relative to the total amount of encergy used in twen! y=four hours,

’

List-the appllances and vqulpment that use the most energy in twenty—four )
hours, using ! P~

-

.
-

-

" FEEDBACK

Objective A Check:

“A.

-

Complete 1P~1, 1 and chec.

>
P

Ins trf‘:q;r_'*s Approval




‘} - ,/’
“ January 29, 1981

; .
MOXTHLY TNERGY RTOUTRFMF\TG -QF EI?CTRIC HQUSEHOLD APPLIALCES

b APPROX, APPROX. KWu
" TYPICAL OPERATING. ~ USED PER. APPROX.
APPLIANCES WATTACE COST PER HOUR MONTH MONTHLY COST
—_ - -

Air Conditioner (Window) \ - . v
12 Hrs. Use - 6,000 . o * : ot
BTU 115 Volt . . 860 . 4.3¢ ; $ 15.50
- - .
12 Hrs. Use - 17,000 . .
BTU 230 Volc . 1,950 . 9.8¢ ’ $ 35,10 .
Electric Blanket (8 Hrs. ? . .
use per day) . ' 190 8.0¢/day :$ 2.30¢
Broiler 1,500 , ' 7.5¢ .
Clock ©2 A ! _ 7.5¢
" Clothes Dryer (55 min. cycle) . .
" 7 loads/week ($5.87/Month) 5,500 27.5¢/1load
"Crock-Por" . 70/140 v L6¢ * v
Coffee Maker - 1,000 ’ 5.0¢
Compactor 1,380 - - . .o - 15.0¢
Deep Fryer . ‘ 1,620 8.1¢
Dchumidifier 24 hrs. use ' ’ ) ’ .
pts./day : : 600 - - 14.4/day” ~. 72.0¢/day
- ’ - ) .“
. _ © 800 16.0¢/load 102 . 5.10
Drippdng Faucet.— slow . T . ’ 40 2.00
Dripping Faucet - ‘medivm . - -, 80 4,00
- Drippitg Faucet ~ fast ; . 120 6.00 -
Fan (Attic) ’ ’ '
Fan (Circulating)
10 hrs. use/day
Burner & Fan (furnace-oil)
6 months use~1375 hours
" Fan (Roll-about)
* Fan (Window) -
Food Mixer
Food Waste Disposer .
Frying Pan _
Hair Dryer (soft bounet)
Hair, Dryer (hard boumet)’
Eair dryér (hand held)
. ter (radlant)
rtot Plate
Eumidifier — 6 hrs./day
Iron (hand) -
~ Lamps, Fluorescent
(6. hrs./day) 40 watt 48"
*(in¢. baliast)’
(6. hrs./day) 80 watc 96"
~ (inc. ballast)
-~ -Lamps, Incandescent
60 watt size (6 hrs./day use)
100 wart.size (6 hrs/day use)
Microwave Oven .
15 min., per day use

i1

kl




Radio
Radio=-Phonograph-5tereo
Range
Refrigerator
Side=-by-side, no frost
22 cu. fe.
22 cu. fr./cusromer
dispenser
Refrigeraror
2 door {rop mount) no frosr
21 cu, fr.
18 cu. fr.
16 cu. ft.
14 cu., fe.
Rcfrigeraror
2 door {rop mount)
cycle defrost
14 cu. £t
12 cu. fr.
Refrigeraror
Single-door, manual
* defrost = 10 cu. fr.
Food Freezer
No frost uprighr
16 cu. fr.
Food Freezer
Upright, manual defrost
15 cu. fr.
12 cu. fr.
Food Freezer
Chesr, manual defrostc
20 cu. fr. '
15 cu. ft.
Sun Lamp

Television (B&W)
(8 hrs. per day)
Television {Color)
{8 hrs. per day)
Television
Instant On when "off™
B&W (S0lid State)
Color (Solid State)
Toasrer
Toaster Oven
Vacuum Cleazner
Waffle Irom
Washing Machine Only
Washing Machine
Hot wash warm rinse
includes cost of hor warer
based on 30 gallons of hot
water per wash 300

{58 minure cycle) N
Water Hearer { & in family) 4,500
Water Pump 460

3.7¢/10 hrs.
6.3¢/10 hrs.

6.5¢. .
7.7¢:
4.6¢

6.0¢
1.5¢/Load

. 43.6¢/Load

263

409
75

30 Loads/Mo.
$ 13.15

$ 20.45
$ 3.75

NOTE: Cost ‘1guras are bagsed on 5.0¢ KW, These cost figures do nor reflecr the
bas:.c CusSromer - ::Il.m:g':aw for res:r.dem:;.al customers.

133
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INVENTORY OF ENERGY USE

ESTIMATED { MONTHLY . { ESTIMATE
KWH /2y, Hi 2




ENERGY USED IN SMALL BUILDINGS AND HOMES

IP-2 Compare Energy Uses in the Home With '"Monthly Energy Requirements of
Household Appliances”

OBJECTIVE

Upon completion Of this imnstructional package, you will be able to:

A. Compare the results of energy uses in the home previously recorded with
the Estimared Yearly Use of Energy and Operating Costs. ’

RESOURCES

Handouts:

Home Energy Conservation Primer. %Vogel, Michael P., et al. West Virginia
University, Morgantown, WVA. August 1980, pp. 521, Table 5.D

Towa Developed Emergy Activity Sampler, Industrial Arts, Grades 7 - 12. The
University of Iowa, Towa City. Doris Simmomns, pp. 320-321.

Local Utilities Need and Rate Informatiom.




ACTIVITY

A

Define: Ampere (i)
volts (E)
Watts (w)
Kilowatt Hour (KWH)

Demonstrate the way to read a kilowatt hour meter used to measure electri-
city used in the home. After the demonstratiom, review the sample handout
and record the reading of Meter 1 and 2 - S§¢¢ P~y

Complete activities 1 -~ 3, then read 2 kilowatt hour meter on the home and
record the amount of electricity consumed in a twenty-four hour period of
time. Calculate the cost of energy consumed based on the current rate. Use
the handout "How Much Gas or Electricity Do We Use?". ©Us¢ If-=-2,3.

Take an inventory of the major appliance used in the house, such as space
heating/cooling, lightinz, cooking appliances, hot water heater, pumps,
etc. and list the energy source of each. Use .IpP=-1,3 )

Read the inspection plate or label on each appliance, light bulb, and
equipment to determine the amperes, volts, watts, or the BTU capacity.
Remember that even if a furnance is fueled by gas, it has an electric
motor to distribute the air (record all data). -

I

Calculate the energy consumed in one hour on four of the major appliances
used frequently in a2 twenty-four hour period of time. It would be prefer-
able to calculate this during the time the kilowatt hour meter 1is being
recorded. 1 F~2>33 '

FEEDBACK

Objective Check:

A.

Define:

Ampere (i) - 2 unit of elegtfic,current
volt (E) - 2 umit of electric pressure

Watt (W) - & vnit of electric power

Kilowatt Hour (KWH} - a measure of electricity




L}

HOW TO READ YOUR ELECTRIC METER

&
¥, ‘sc‘o
Congpauar® . )
The dials are like watch faces lined in a row (every other dial moves
counterclockwise). The reading for a five dial meter would be 16,064. The reading
for a four dial meter would be 6.064.

5 DIAL METER
4 DAL METER

WRITE1 WRITE 6 *-“-WEITE 0 WRITEE WRITE 4

Notice that when the pointer is between two numbers, you should record the
lower of the two numbers.

When the pointer seems to be directiy on a number. Iook at the dial to the right; if
the pointer on the right side dial has passed "OF, then write down the number the

pointer seems to be on if the pointer on the right side dial has not passed “O”,
then write down the previous lower number on the diial you are recording.

RECORD THE READINGS FOR THE FOLLOWING METERS
METERNO. 1 METERNO.2

A ' A_
‘;.K I .'.‘
B _ - B.

Subtract the number of line A from the number on line B 1o find the nurmber of KWH
of electricity used.

[p—

line 8 _ UneB _ - : s

line A __




METER READING RECORD ©

ARE YOU SAVING ENERGY? A good way to find out is to keep a record of
the electricity you use before and after beginning your conservation ef-
fort. The chart below will help you record your progress. 1, Draw the POsi-
tions of the hands of the meter on the dials each day at the same time.
2. Write the number in the space beiow each dial and on the line at the
fight, 3. Subtract the kilowatt hours (KWH) used on day one from the
kilowatt hours used on day two. Repeat each day for seven days.

DAY 2 -

_ ' ' Reading Day 2
e Reading Day 1
] KWH used




[P-3,73

. HOW MUCH GAS OR ELECTRICITY DO WE USE?

Time READING

TRY TO SAVE ENERGY!

READING




B.

FEEDBACK {Continued)

2 - JP‘-hf

Reading of meter 1 and

RECORD THE READINGS FOR THE FOLLOWING METERS

METER NO.1 METERNO2

Subtract the number of line A fros:n the number online B to fing t
of electricity used. o find the number of KWH

Line B 8292 ‘ Line B 2606

LineA _ 8237 Line A . 2579

'KWHused 55 KWH used 27

b.

E.

—

Reading of kilowatt hour meter in a twenty-four hour period of time.

Inventory energy uses in the home, ! #—/s




'ENERGY USED IN SMALL BUILDINGS AND HOMES

1P-3 Draw a Floor Plan of the Home and Locate the Position of Energy Uses
OBJECTIVE

Upon completion of this instructional. package, you will be able to:
A. Draw a sketch of a floor plan of the-home and locate the position of che

incoming source of eunergy and the relative position of each appliance
and lighting.

RESQURCES

Architectural Drawing References with Current Symbols.




ACTIVITY

Use graph paper or drawing paper and lay out the floor plan of the home
used as a reference for all energy uses. (Sketching or drawing will pe
acceptable. Include window/door openings and total square feet.)

Make 4 legend using symbols for emergy uses in the home and a symbol for
each appliance. Use standard symbols commonly used on floor plans. Design
a symbol for appliances that don't have a standard symbol.

. Locate each source of emergy on the floor plamn, each appliance and lighting
that uses energy.

Using the comparison of energy uses that was recorded previously, circle .
the appliances that use the most energy in the home.

Use this floor plan and data for calculating energy use in Module #12
and/or various references on energy audit.

e A T

FEEDBACK

Objective Check:

A. The completed drawing of the home will be used for the progress check,
the-following check list:

Scale of the Drawing

Total Number of Square Feet
Symbols for Appliances (Legend on Drawing)

Circle appliances that use the most energy in the home.




POST-CHECK

ENERGY USED IN SMALL BUILDINGS AND HOMES

The following post-check will evaluate the complete module #8 on "Uses of En-
ergy in the Home and Small Buildings." When completed, you will inventory

major uses of energy in the home and be able to compare uses of energy of homes
in a community or nation.

Record the reading for Meter Day 1 and Meter Day 2.

DAY 1

DAY 2 |
How much will it cost for the kilowatts recorded for meters 1 and 2 per
S5 /KWH?

Mateh the following terms in the left column with the symbols in the right
column, and put the symbols on the blank.

Volts ©KWH
Watts W
Kilowatt Hour I
Electric Outlet - E
Electric Light

Name three major sources of emergy uses in the home.
1.

"2,




POST-CHECK {(Continued)

ENERGY USED IN SMALL BUILDINGS AND HOMES

[ L

Name three major uses of energy iu Che home.

1.
2.

3.

Name three major items of information found on an appliance inspection
plate that will help to determine energy uses.

1.
2.

3.

Place a number 1 - 10 beside the appliances that consume the most energy.
1 uses the most energy, 10 uses rthe least.

Window Fan

Air Conditioner

Electric Fryiug Pan
Waffle Iron

Water Heater

Television (Celor)
Fluorescent Light

Radio

Television {Black & White)
Clock




MODULE NINE

' WAYS AND MEANS OF REDUCING HOME AND

SMALL BUILDING ENERGY USE
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by
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WAYS “NWL MEANS OF REDUCING HOME AND
SMALL BUILDING ENERGY USE

Reducing energy use saves money, conserves natural resources, and cnables
individuzls and nations to become more self sufficient from external forces.
This module specifically assists individuals to reduce emergy in homes and small

"buildings.

TERMINAL PERFORMANCE OBJECTIVES
At the complction of this module, the student will be ablce to:

Identify, list, and describe major factors that affect the energy consump-
tion in the home and small buildings;

Identify, list, and describe strategies and techniques for conserving
energy and modifying factors that affect emergy use in small buildings and
residential structures.

It should be kept inm mind that the purpose of this module is to provide
the student with ideas, strategies, techniques, etc., for reducing energy use
in buildings. It is not the purpose of the module to provide a detailed anal-
ysis or description of how to apply these ideas, strategies, and techmiques
nor provide estimates of cost and/or fuel savings associated with strategy.
Many of the energy saving strategies pmentioned within this module are dealt
with in detail in other modules.

INSTRUCTIONAL PACKAGES

IP-1. Energy Consumption in Small Buildings
and the Home

Ip-2. Factors That Affect Energy in Buildings

Ip-3. Strategies and Techniques for Reducing
Residential and Commercial Energy
Consumption




PRE-CHECK
WAYS AND MEANS OF REDUCING HOME AND
SMALL BUILDING ENERGY USE
DIRECTIONS: In the space provided below, select the response that best com—
pletes the statement.
Ir-1 Energy Consumption in Small Buildings and the Home

TRUE - FALSE

The residential and commercial Sectors consume approximately 36%
of the United States energy.

Space heating is the second largest consumer of emergy in the res-
idential section.

Water heating consumes more energy than air conditioning in the com-
mercial sector. :

The commerical sector consumes approximately 21%Z of the U.S. energy
budget.

Space heating is about 58% of the residential energy cousumption.

Factors that Aifect Energy Use in Buildings

SELECT THE STATEMENT THAT DOES NOT FIT. ~

Factors that affect energy use — effect of house design

A. PRoom layout C. Vegetation
B. Shape of home D. 8ize of house

Factors that affect energy use — insulation

A. R, Value o €. Superinsulated
E. Vapor barrier D, 1Infiltration

Factors that affect energy use - orientation of slopes on the site

A. South facing for maximum solar

B. West facing for maximum afternoon solar exposure
€. East facing for maximum morning solar

D. North for minimum wind and solar exposure




_ PRE-CHECK
WAYS AND MEANS OF REDUCING HOME AND
SMALL BUILDING ENERGY USE

Factors that affect energy use — vegetation

A. Location C. Distance
B. Color : D. Size

Factorsthat affect eneryy use -

A. Wind ¢. Alticude
B. Azimuth D. Landform

Strategies and Techniques for Reducing Residential and Commercial
Energy Consumption

TRUE - FALSE ™

The Federal government has passed legislatiom providing €nergy con-
servation incentives. The EPCA of 1975, the ECPA of 1976, and the
NEA of 1978 are three such legislactive acts.

Home space heating can be reduced by as wmuch as 50% by insulation.

Taking a bath will generally save more emergy than taking a shower.

. One foot fluorescent lamp has a higher per watt than does twe 4 foot
lamps.

120 F is usually an adequate water temperature for a hot water heater.




PRE-CHECK KEY

WAYS AND MEANS OF REDUCING HOME AND
SMALL BUILDING ENERGY USE

Energy Consumption in Small Buildings and the Home

1. .
2.
3.
4.
5.

Factors that Affect Energy Use in Buildings

Strategies and Techniques for Reducing Residential
Enerygy Consumption

1.
2.
3.
4.
5.

and Commerical




WAYS AND MEANS OF REDUCING HOME AND
SMALL BUILDING ENERGY USE

n
2
s

IP-1. Energy-Consumption in Small Buildings and the Home

OBJECTIVE

This instructional package will help you to understand the amount of
energy consumed in the residential and small buildings. It will also help
you identify emergy consumption in these structures. Upon completion of this
instruction package, you wiil be able to:

A. List and describe major areas of energy consumption in the residential
and small building.
RESOURCES

The following resource has been provided for you to use in attaining the
objective listed above:

Information Sheet:

Energy Consumption in the Residential and Commercial Sectors IP-1,1-3

e




ACTIVITY

4. Review instructional package resource listed above: Energy Consumption
in the Residential and Commercial Sector.

List the areas of energy consumption in the residential and commercial
sectors in the space provided in Figure 1.

Fill in the blanks in Figure 1 with the names of the contributing energy
consuming factor adjacent to the correct percentage.

at

[ S TR

ik,

PAFullToxt Provided by ERIC




Information Sheet IP-1, 1-3

"ENERGY CONSUMPTION IN THE RESIDENTIAL AND COMMERCIAL SECTORS" ,

¢

Of the total energy consumed in the United States, approximately 36% is used in the residential

and commercial sectors.

X}

10.Space
Heating

12.Water Heating

219

14.0the

13.Refrigeration’

The following diagrams show the areas of energy in these sectors:

Industry

367%

Commercial \ - \\\iﬁ

v/

487

Transportation

287

Residential

217

15%

T —

179 1.Television

34 3.Freezing

*f4 air Con-
ditioning

5.Cooking

6.Lighting &
Small Appliances
7. Refrigeration
15% -

38% 8. Water Brating

FIGORE 1 Energy Consumed in the Residential and Commercial Sectors in the U.S.

9. Space.He;ting

2. Laundry -~ -




Info:.'-mation Sheet 1P-1,1-2

RBegrdentiol cned Commercral

sectors consist of housing units, non-manufacturing
business establishments (e.g. wholesale and—retail-businesses},——--— -
health and educational institutions, and govermnent office buildings.
The overall trend in residential and commercial energy use from 1960
to 1977 was growth. Consuming 38% of the nation’s energy budget in
1978, the primary applications are for space heating and cooling,
Hghting, water heating, and operation of small appliances.

Between 1960 and 1972, enerqy~use in buildings grew at an
average anrual rate of 5 percent. Commercial use grew at over 6 per-
cent per year and residential was under 5 percent. In 1573 energy
use trends varied erractically from the pattern of steady increase,
with no overall growth through 1975. In 1976 growth resumed at its
former rate of 5 percent and continued at the same rate in 1977.

Changes in residential and commercial enerqy consumption
roughly paralleled the rise and fall of economic activity in the
1970's and rising energy prices in the residential sector coincided
with the leveling off of consumption. Trends in energy expenditures
per household underscore the point. As expenditures for energy
rose, household energy consunpt1on declined. In 1976, as price
increases continued but at a more nioderate rate, consumption -per- -
household again turned upward. The same trends are apparent in
cormercial fuel expenditures. -

During the Tast two decades, the mix of fuels supplying the
energy shifted markedly. Electricity’s share in the residential
sector increased from 26% in 1960 to 46% in 1975, gas declined from
37% to 32%, oil from 26% to 18%, and other fuels - such as coal and
propane -~ declined from 11¢ to 4%. Similar shifts in fuel choice
occurred in the cormercial sector. Several factors were important
-in the shifts: energetic marketing of electricity by utilities,
public perception of gas and electricity as cleaner and more con-
venient than oil, population shifts away from Hew England where
0il is heavily used shortages of natural gas in the 1970's and
onward, and fuel pr1ce changes.

Today. office buildings 1se far more energy, on the average,
than do older buildings with an equivalent amount of space. The
difference can be traced frequently to huilding design--hermetically
sealed windows create the need for mechanical heating and cooling
on days when simple ventilation would provide comfortable indoor
temperatures; glass walls add to building heating and cooling require-
ments because they allow high levels of heat loss and heat gain; and
office spaces without any windows require artificial 1ighting when

“patural light, if available, would be ample. Furthermore, today's
businesses rely on a proliferation of office machines, computers,
elevators and escalators.

Convenience and comfort appliances led the growth in household
energy consumption in the decade of the 1950's which included air
conditioners, clothes dryers, and television. According to the
'Ford Foundation's Energy Policy Project (study of energy use and
lifestyles) almost all American homes now contain five basic energy-
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consuning items: central heat, hot water heater, stove, refrigerator,
and electric lights. Virtually all have one radio and one tele-
vision as well. Seven out of ten have washing machines. Central

air conditioning systems for example, grew from five percent of
American households having these systems in 1969 to 15 percent in
1973. Possession of dishwashers increased from six percent to
existing within 25 perceat of all households during the same period.
Clothes dryers, which existed in less than one-fifth of American
households in 1860, were found in almost half by 1573.

In some cases, household energy growth has been further stimu=

lated by design changes that diminish the efficiency of energy use.
Host refrigerators currently marketed are large, frost-free models
requiring about two-thirds more energy per unit than smaller, more
economical models with manual defrost. Color televisions typically
consune almost half again as much electric power as black and
white sets. Sometines greater energy demand in one area affects
demand in other energy sectors as well. For exanple, dishwashers

- ——-—and-automatic washing.machines not only use_electricity, but
require even additional energy for hot water heating.

Residential energy consumption levels are frequently influenced
by decisfons in which an individual home owner has a little to say.
Refrigerators, dishwashers, air conditioners, and hot water heaters
are often chosen by the builder, or by the previous homeowner. Home
heating systems are replaced less often than most appliances making
it even less likely that a current fuel consumer participated in
the choice of system for his home. One-fifth of all American house-
holds (mostly apartment dwellers) have no control over their
thermostat settings. Such residents can exert direct control over
their dwelling temperatures only by opening windows or turning on
portable electric heaters or blankets. This can add stil) more to
their energy consumption.

Furthermore, the trend toward built-in;-energy-consuming-features-
" in new homes has grown in the last few years. Builders are incor-
porating electric heating systems and central air conditioning in an
increasing number of homes and apartrents, and concrete slab con-
struction without insulation from the cold ground is becoming more
common. Overall home design has become less and less oriented
toward energy efficiency.
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Objective A Check:

Residential

Television -

Laundry

Freezing

Air Conditioning

Cooking

Lightiang and Small Appliances
Refrigeration

Water Heating

Space Heating

Commercial

Space Heating
Air Conditioning
Refrigeration
Water Heating
Other




WAYS AND MEANS OF REDUCING HOME AND
SMALL BUILDING ENERGY USE
IP-2. Factors That Affect Energy Use in Buildings
OBJECTIVE
This instructional package will help you to understand she major factors
‘that affect energy consumption in homes and small buildings. When finished with

this instructional package, you will be able to:

A. List and describe major factors rhat affect energy consumption in the
home .

RESOURCES

Book:

Your Energy Efficient House. Odom, Anthony. Charlotte, NC: OGarden.Way,
1975.

USDOE Booklet:

Providing for Energy Efficiency in Homes and Small Buildings. American Associ-
ation for Vocational Instructional Materials, In Three Parts, 1980.

Information Sheet from USDOE Booklet:

Climate and Landform — Factors That Affect Energy Use in Buildings. IP-24,
1-4.

How Design and Construction Methods Affect Energy Use iu Residences. IP-2B,
1-17.




A,

B,

ACTIVITY

Review instructional package resources listed under RESOURCES.

List and explain climate and landform factors that affect energy use in
buildirgs.

INSTRUCTIONS: 1In the Information Sheet, "Climate and Landform - Factors
That Affect Energy Use in Buildings," seven (7) factors
which contribute to building energy use were discussed. In
outline form,-list these factnrs and give characteristics
of each,

7.

——




ACTIVITY {(ConCinued)

€. List and explain design and construction factors that affect energy use
in buildings.

INSTRUCTIONS: In the Information Sheet, "How Design and Construction
Methods Affect Energy Use in Residences," fourteen (14)
factors were discussed. In outline form, list the
fourteen (14) factors and characteristics of each factor.

8.




FEEDBACK

Objective B Check:

Check responses for Activity B. Sce attached sheet.

Objective C Check:

Check respouses for Activity C. See attached sheet.
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FACTORS THAT AFFECT ENERGY USE IN BUILDINGS

CLIMATE & LANDFORM FACTORS.
1. IEMPERATURE PATTERNS ON THE SITE.
= DAILY, MONTHLY., AND SEASONAL PATTéEN

2. PRECIPITATION PATTERNS ON THE SITE
~ FROST "POCKETS"

-

- SNOW DRIFT AND COLLECTION -

- FOG MOVEMENT, COLLECTION OR PROPENSITY PATTERNS
WIND PATTERNS ON THE SITE

- DAILY, MONTHLY AND SEASONEL PATTERNS

- LOCAL WIND OBSTRUCTION

SOLAR RADIATION PATTERNS ON THE SITE

- DAILY AND SEASONAL PATH OF THE SUN ACRQSS, THE SITE
-~ SOLAR OBSTRUCTION

ORIENTAT 0

- SOUTH -~ FACING SLOPES FOR MAXIMUM SOLAR

= WEST - FACING SLOPES FOR MAXIMUM AFTERNOON SOLAR
EXPOSURE

= EAST - FACING SLOPES FOR MAXIMUM MORNING SOLAR
EXPOSURE

~ NORTH - FACING SLOPES FOR MINIMUM SOLAR EXPOSURE — NONE
' IN THE WINTER -

TOPOGRAPHY OF SITE

~ STEEPNESS OF THE SLOPE = CAN IT BE BUILT UPON
ECONOMICALLY

PRESENCE OF SLOPES BENEFICAL OR DETRIMENTAL TO ENERGY
CONSERVATION AND SOLAR ENERGY UTILIZATION

EXISTING VEGETATION

- éIZE;’VARIETY AND LOCATION OF VEGETATION WHICH WOULD
INPAIR ENERGY CONSERVATION THROUGH THE CONTROL OF

WIND AND THE SUN. -
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I1. DESIGN AND CONSTRUCTION METHODS THAT AFFECT ENERGY USE IN -
THE HOME

1. EEEECT OF SITE LOCATION
- ORIENTATION ON SITE

- VEGETATION
- HILL TOPS/SOUTH SLOPE/VS FLAT LAND
2. EEFECT OF DESIGN
SIZE AND SHAPE OF HOME
ROOM LAYOUT
PLACEMENT OF GLASS AND DOORS
SLOPE OF ROOF
BERMED HOME
EFFECT OF MATERIALS USED
~ R VALUE OF MATERIALS
- BRICK VS WOOD FRAME
- TYPE OF WINDOWS (OPERABLE VS FIXED)
EFFECT OF INSULATION
~ R VALUE OF INSULATION
- TYPE, APPLICATION AND AMOUNT
- CONVENTIONAL STANDARD VS SUPERINSULATED
EFFECT OF VAPOR BARRIERS
- CONTROL HEAT LOSS THROUGH MOISTURE CONTROL
EFFECT OF WEATHERSTRIPPING AND CAULKING
- CONTROL INFILTRATION AND AIR CHANGES
EEFECT OF WINDOWS AND DOORS
'~ WINDOW AND DOOR TYPES
- PLACEMENT
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EFFECT OF HEATING METHOD
= SOME MORE EFFICIENT

= SOME USE NON-RENEWABLE FUEL
= SOME PROVIDE MORE CONTROL
EFFECT OF VENTILATION

= NATURAL VS FORCED
- INSULATION AND/OR ISOLATED FROM COLD

- OVHER DESIGN AND CONSTRUCTION FACTORS THAT AFFECT HOME ENERGY USE. -

10. EFFECT OF AIR CONDITIONING METHOD
11, EFFECT OF LIGHTING METHOD

12. EFFECT OF PLUMBING LAYOUT

13, ENERGY EFFICIENT APPLIANCES
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2.7 MJ/hr, - M?
(240 8TU/SQ. FT.){(12 NQON})
2.2 MJ/hr. - WP -
OASHEO LINE INOICATES
2 PM) THE ORBITAL PLANE
{ PERPENOICULAR TO

SUMMER OR8IT THE EAST-WEST AXIS.
{JUNE 21}

(SUNSET)

2.2 Md/hr. - M
(194/85Q. FT)

{SUNRISE)

FIGURE 76. The path of the sum influences the use of energy in buildings.
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How Design and Construction Methods Affect Energy Use

Several factors influence the amount
of energy used in buildings.

Planning an energy-efficient hame or
building begins with the selection of
the site, followed by the proper orienta-
tion of the huilding on the site. Design
of the structure, arrangement of rooms,
selection of materials and mechanical
equipment are of equal importance in an
energy-efficient building. Your under-
standing of design and construction
methods will help you save energy in

From this section you will be akle to
describe how design and construction
metnods affect energy use, They are
discussed under the following headings:

. Effect of Site Location.
. Effect of Design.
. EBEffect of Materials Used,

4. Effect of Insulation.

5. Effect of Vapor Barriers.

6. Effect of Weatherstripping and

Caulking.

7. Effect of Windows and Doors.

8. Effect of Heating Methods.

9, Effect of Air Conditioning.
10. Effect of Ventilation Method.
11. New Methods of Heatiry and Coolirxs.
12, Effect of Lighting.

13, Effect of Plumbirxs.
14, Energy-BEfficient Appliances.

1. EFFECT OF STTE LOCATION

Site location and the orientation of
buildings on the site affect the amount
of energy used in heating and cooling.
The sun and wind are two major factors
that influence energy use,

Keep in mind that in the northern
hemisph~~e the sun is high in the sky
during w.e sumer and lower on the hori-
2on during the winter.

Hill _tops, ridges and higher elevations
have more exposure to the wind and are
colder in the winter and cooler in the
sumrer. In oold climates, select southern
exposures protected by land of higher
elevaticns. Flat sites are open to full
sweeps of wind, Air temperatures near
large bodies of water are tempered by the
wind .

+

Deciduwous trees are excellent summer
shelters, while evergresns provide
shelter the year round.

Room orientation is also important..
Rooms of major use oriented to the
southern, warmer side of a building
capitalize on solar energy.

Energy consumption can be reduced by
choosing the site carefully, Site
location should vary, depending on the
climatic zone. Site locations should be
considered for each of the zones as
follows:

a, GCold Zome

A house built on the northern or
western slope with little or no protec-
tion from the prevailing winds will use
more energy than one situated on the
southern or eastern slope (Figure 77).

Vegetative protection can also be a
factor in energy use.
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COLD NORTH WIND

UNPROTECTED

COLD NORTH WIND

R

—

e —
—_—
e

PROTECTED

FIGURE 77. Buildings exposed to cold prevailing winds will use more energy

for heating than those protected.

| b. Tamperate Zone

A balance is needed in the tamperate
2nne between protection from wind in
winter and access to air in sumer.
Also, vegetative protection that is used
in winter may be used as shade in
sumer (Figure 78).

TEMPERATE ZONE

c. Hot-Humid Zone

Samer camfort is more important than
winter heat in the hot-humid zone. I£
air circulation is inadequate during
sumer, excessive eneryy will be needed
for cooling. Houses should be situated
on southern and northern slopes with
vegetative protection and shade provided
{(Figure 79). .

HOT HUMID ZONE

TIGURE 78. A building in the temperate
_ zone should be moderately protected.

FIGURE 79. Buildings in the hot-humid
zone should be oriented toward the

north or south with ample shade for

summer.




d., Hot-Arid Zone

Houses shonld be oriented toward the
east with afterncon shading (Figure 80).
Wind ig not important here because it is
generally not too cold in winter and it
is hot ard dry in sumer. It is best if

you can shield the building fram summer
prevailing winds.

EAST
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EAST

HDT-ARID ZONE

FIGURE 80. Buildings in the arid west
should face the east and utilize after-
noon shading whenever possible.

FIGURE 81. Rectangular houses coriented
toward east and west generally use less
energy year round.

2. EFFECT OF DESIQN

The shape of a building also has an
effect on the amount of energy used.
Generally, a rectangular house oriented
east and west will use the least amount

of energy (Figure B8l).

Design should allow for exposure of
windows to sin in winter and shade in
sumer (Figure 82). Shades may be used
effectively.

SUMMER

WINTER

FIGURE 82. Windows should be exposed teo sun in w;nter and sheould be shaded

during summer.
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Sx10cm
{2=4IN.}
STUDS
41cm : ’ . .

{16 IN.) : {24IN.) !
ON CENTER ) ON CENTER

% 8.9 cm {3%IN.) 15 2 con {GIN.)

INSULATION . INSULATION

|

FIGURE 84. Structures may be designed to accommodate more insulation.

Designers are changing their philosophy The use of glass has became an inmpor-~
about buildings. The "anything goes” tant factor in design., Before energy
attitude which was characteristic of the conservation was inportant, designs with
past decade has suddenly evolved into a large expanses of uninsulated and
functional and efficient approach to unprotected glass were common. Now the
building design. For example, rambling amount of glass used in many building
structures are being replaced with designs is being reduced (Figure 83).

cubicle buildings which have a minimum of Nearly everywhere in the continental
exterior surface area. Such measures cut tku.ted States, scuth-facing windows
- down on one of the greatest sources of admit more heat than they lose. To
heat loss. effectively reduce heat loss through
windows, at least two layers of glass
are needed in cold climates. A third
layer of glass, or movable insulation
{curtains or shutters) covering the
glass at night, can reduce heat loss
further, 2n overhang or other shading
will cut urmwanted summer heat.

Designs are being adopted which
utilize better insulation. A new design
inmovaticn is the Arkansas System which
recammends 5.1 x 15.2 am {2 x 6 in) stud
J_m m © l | framing to accommodate more insulation
LARGE WINDOWS  SMALL WINDOWS . (Figuare 84).

REQUIRE REQUIRE

MORE ENERGY LESS ENERGY 2dditicnal conservation measures
7 include the utilization of insulated
FIGURE 83, Large windows require more &orssﬁ anii 1111-1;1] tll -paneE mlare General,
energy than small windows. repl 3 by task Lighti ’]:E 1g




Many factors are taken into considera-
tion, including the orientation of the
house, slope of the roof, hours of sun—
shine, prevailing winds and site latitude.

Mechanical equipment should rot impose
large loads on the utility system during
peak periods. The selection of oversized
ecquipment should be avoided.. In commercial
huildings, the most significant features
include the use of insulation, proper
fenestration. control of ventilation,
levels of illumination, orientation of the
building, and the exposed surface area.

It has been proven that construction
costs do mot have to he greatly affected
in either residential or commercial
buildings in order to save energy. An
example of this fact in commercial
buildings is in the General Service
administration Building in New England.
Energy usage is cut between 30-50% by the
use of good design. The price came to
$50.10 per square foot in camparison with
the average cost of $50.00 per square
foot for similar construction in that
area,

3. EFFECT OF MATERIALS USED

In order to conserve energy in
baildings, the principle is- to reduce
heat transfer through the outer structure
of the house. Some huilding materials
allow more heat transfer than others.

For example, just as much heat will be
lost, or gained, through the same area
of 20.3 cm (8 in) of concrete block as
through 1.9 cm (3/4 in) of wood and more
through a single window pane (Figure 85).

You should consider using combinations
of construction materials that will allow
the least heat transfer. Table VI gives
the relative heat transfer resistance of
© several commen building materials.

As to cobimations of these, cumpare
the total resistance to heat transfer of
the two wall compositions in Table VII.

- Note that neither wall has insulation.
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"EQUAL ENERGY FLOW

4 8mm
I3/]6m}

/f -
|

—

1.9cm
(3/4in)

CONCRETE

FIGURE 85, Heat loss varies through
different materials.

4. EFFECT OF INSULATION

The type, amount and the way insulation
is installed are all important in reducing
heat transfer in and out of buildings.

For exanple, you may have 15.2 an (6 in)
of insulation in your attic but have nore’
energy loss than your neighbor whose .
house has the same amount (Figure 86).

The reason is that different types of
insulation have different insulation
valves, Another reason is that one .
house may have all the cracks and crevices
covered while the other may not.

You learned Zrom the last section the
importance of selecting materials. MNote
the value of insulation in Table VIII as
to resistance to heat transfer. .
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TABLE VI. FRESISTANCE TO HEAT FLOW OF SQVE
COMMON BUTLDING MATERIALS

...Type and Material

%
3
g

OOOPOOO
O D O b L s
AW N-HNN

OOO?OOO
O (==
qmﬁmgmm

29
B8

0.13
0.20
0.20
0.30
0.14
0.08

o000
PRk

»

Asphalt 0.95 (3/8)
built—m :

210
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TABLE VII. OQOMPARISON OF RESISTANCE TO HEAT
FLOW OF MATERTALS AND TWO TYPICAL
WALL SECTIONS

Resistance
t> Heat Flow
(R-Value)

m2°c ~

Outside film 24 km/hr (15 mph)
wind, winter
Siding, wood 1.3 x 20.3 em

(1/2 x 8 in lapped)
Sheathing 1.3em (1/2 in) regular
Inside dead air space
Gypsum wall board 1.3cm (1/2 in)
Inside surface (winter)

Total Resistance

Masonry Wall

Outside surface 24 km/hr (15 mph) (0.17)
Face brick 10.2cm (4 in) {0.44) -
Cament mortar 1.3em (1/2 in) (0.19)
Cinder block 20.3cm (8 in) {1.72)
Air space l.4cm (3/4 in) (1.28)
Gypsum board 1.3cm (1/2 in) (0.45)
Inside surface . £0.68)

Total Resistance {4.84)
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. TARLE VIII. RESISTANCE TO HEAT FIOW OF SOME
COMMON  INSULATTON MATERIALS

Resistance
Type of Insulation to Heat Flow
(R~Value)

he ££2°F
Btu

(22 3/4 in) (7.00)

Blanket and Batt: 5.1-6.9 am
8.9 em (3-3 1/2 in) (11.00)

(fiberglass) 6=

7
13.3-16.5 am (5 1/4-6 1/2 in) (19.00)

Loose Fill: .
Cellulose, per 2.54 an (in) {3.70)
Sawdust, per 2.54 oam (in) (2.22)
Perlite, per 2.54 cn (in) (2.70)
Mineral fiber (rock, slag, glass) .
7.6 an (3 in) (9.00)
11.4 em (4 1/2 in) - (13.00)
16.5 am (6 1/2 in) Co (19.00)
19.1 em (7 1/2 in) : (24.00)

Vermiculite, per 2.54 am (in) (2.20)
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INSULATION INSULATION
IMPROPERLY . PROPERLY
INSTALLEO INSTALLEO

FIGURE 86. Two buildings with the same type and thickness of insulation may
not have the same energy efficiency.

A1l types of insulation work .on the
principle that alr is trapped in the SIOING REMOVED

spaces between particles or layers of a
material, Trapeed air is a poor heat .

conductor. Some insulators combine @
alumimm foil as a reflector with other HOLE ORILLEO
insulating material, Aluminum foil P IN SHEATHING
reflects heat. :

Insulation is available in a variety AN N
of forms, sizes and thicknesses. Ioose— : i

£ill is one of the few types of insulation ) W
that can be used tn insulate the walls of ISR N STUO
the wallloard or plaster {Figure 87).

Loose-fill insulation consists of R TN
smnall particles of mineral wool, wood
fibers, or vermiculite. This raterial
can be poured from bags betwesen ceiling
joists in an attic, but in walls of
existing houses special eguipment is ' ]
regquired to blow the insmlation into the FIGURE 87. Loose-fill insulation may be
crevices. Adding proper amounts of blown in.
loose— £fill insulation to an uninsulated
structure can easily reduce energy
consumption by one-half,

et




INSULATING PANELS

FIGURE 8B. Styrofoam and compresscd
organic fibers come in rigid sheets.

Insulating panels of styrcfoam, poly—
urethane and camressed organic fibers
are effective materials when placed in
proper locations in buildings (Figure 88).
These panels are ccomonly used on flat
roof decks being put in place before the

final roofing.

They may also be added © the outside
walls.

Flexible insulation is available in
plankets and batts. These, oo, may ke
of mineral wool, wood fibers, or fiber=-
glass ard come in varying thicknesses
{Figure 89). Standard widths are 41 and
6l an (16 and 24 in). Batt insulation
* is installed between exterior wall studs
and ceiling joists in residences during
construction.

5. EFFECT OF VAPOR BARRIERS

As warm air comes in contact with a
oooler surface, such as walls and window
panes, water vapor in .the air condenses
on the cooler suriace. When insnlation
is used in walls and ceilings, moisture
can condense on the inside suarface of
the insulation if an extreame teamperature
difference exists between the roam and
"the outside. If this moisture works its
way to the insulation, the insulation
beccrmes a conductor ©f heat and loses

"{ MOISTURE
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much of its value. To prevent the

passage of moisture from the interior

of the room to the insulation, a vapor
barrier is desirable. This vapor

barrier is simply a layer of ron-porous
paper, plastic, or aluminum foil on the
inside surface of the insulating material
(Figure 90). Should moisture collect on
the vapor harrier, it cannot pass through
to the insulation and it eventually
evaporates into the room, Thus the insula-
tion in the wall remains dry and effective.

ROLL

B.3cm 3%l

Alcm or §1cm
[16in or 240}

FIGURE 89. Insulation batts or fiber-
glass.

A | A
WATER ™ |4

T WARM MOIST
e AR

o
L

COLD SIDE

WARM SIDE
VAPOR BARRIER

WARM MOIST AR

L N e ]

FIGURE 90. & vapor barrier is used to
prevent condensation of water on the
cool side of your house.
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I
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NN B — N
"~ \\ AIR INFILTRATION .~

FIGURE 91. Much heat loss and gain in
buildings iIs through air infiltration.

6. EFFECT OF WEATHERSTRIPPING AND CAULKING

Air infiltration is a robber of energy
in tuildings. No matter how much insula-
tion you have, if there are cracks where
aold air can get in, you are going to lose
heat (Figure 91).

7. EFFECT OF WINDOWS AND DOCRS

Glass is a poor insulator. So the
more windows ard deors you have, the rore
heat loss you can expect. For example,

a house with several (shaded) windows
will lose more ensrgy than one with a few
{Figure 92). Windows may be used to an
advantage for heat gain if placed cn the
south side.

Windows and doors are installed to
fit loosely emoush so that they may be
opened and shut with little effort.
Therefore, there is always a crack arourd
each window and door through which heat
can escape and cold azir can blow in.
Even if a building is thoroughly insu-
lated and furnished with storm windows
ard doors, the cracks and openings can
add up to a large source of heat loss.

FIGURE 92. Windows have very little
résistance to heat flow.

Cold window panes create a draft.
The air is cooled by the cold window
pane and the colder air sinks toward
the floor, allowing the warmer air to
move toward the window where it is then
cooled. This cooled air also moves
toward the floor causing a constant air
motion away from the window, at floor
level, and toward the window in the
upper half of the room. 2 draft comes
fran the window arnd is sometimes confused

- with a draft blowing through a crack in

+the frame or between the window sash.
Actually this "draft,” or air motion,
rormally occurs although the cracks are
sealed,
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/

/ -

SINGLE PANE WINDOW —— STORM WINDOW — DOUBLE PANE WINDOW—
e / .. -...‘/ - —

FIGURE 93. storm windows or multi-pane windows save energy-

Storm windows or multi~pane windows
help o eliminate this problem (Figure
93). They provide for air space which
is resistant to conductive heat flow
between two or three panes of glass.

8. EFFECT OF HEATING. METHODS

The amunt of energy used is directly
related to the size of the house (Figure
94). You should consider heating and
cooling only part of your hame if it is
very large,

LARGE ROUSE

SMALL HOUSE

FIGURE 9%. A large building will naturally use mor: energy than a small building,
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HIGH RETURN
REGISTER
SUPPLY REGISTERS

CONTROLLEQ

FRESH-AIR SUPPLY  BURNER/BOILER

RAOIANT
CEILING
CABLES

T~THERMOSTAT

FIGURE 95. Forced air system.

All heating systems burn fuel, but
scme are more efficient than others.
There is a difference in efficiency
of egquirment in some systans. But the
main consideration is the cost of fuel,
which may very with vour locality.

Heating systems generally used aré
as follows:

- Forced air (Figure 95).

FIGURE 97. Electric radiant system,

- ot water (hydronic) (Figure 96).
- Electric radiant (Figure 97). .

- Electric resistance. (Figure 98).
- Heat pump (Figure 99).

- Fireplace (Figure 100).

- Stove (Figure 100).

MAIN SUPPLY PIPE

R i1

HOT WATER
{HYORONIC) SYSTEM

FIGURE 96. Hot water (hydronic) system.
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+——RESISTANCE
ELEMENT

—JrC
Vzﬁ

FIGURE 98. Electric resistance system. o
COOLER AIR WARMER AR
BACK INTO AREA~_ BACK INTO AREA .
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FIGURE 99. Heat pump.
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FIGURE 100. Fireplace and stove.
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9. EFFECT OF AIR CONDITIONING

If you live in a temperate zone,
you can expect to use about as mach
energy to cool your house as you do to
heat it (Figure 10l}). Here you are
trying to prevent heat on the outside
fram becoming equal to the temperature
on the inside.

The same insulation is required.

But direct sun light should be shaded
from windows.

33°C {95°F)
CUTSIOE

26°C {80°F)
INSIOE

FIGURE 101. In some areas, it takes as
much energy to cool a house in summer
as to heat it in winter.

More anc wore, Arericans are recarding
aiy conditioning as a necessity, rather
than a lwary. Iven though air cooling
is only 3% of the tctzl national energy
consuption, in the hint ronths it rises
to about 42% of total energy consunption.

10, EFFECT.OF VENTTIATION METHOD

A certain amount of ventilation is
recaired in a home. One reason is for
comfort. Amother is for cooling in
samer, Particularly the attic should:.
have an air excharge (Fiqure 102).
Temperatures in attics may get as high
as 60°C (140°F).

11, NEw METHODS CF HEATING AND COOQLING

Passive solar systems are helping to
reduce energy consumption.,

Instructional Sheet IP -28, 1-15

RIOGE VENT
\

FIGURE 102. Attic cooling vents will
save energy in summer.

12. EFFECT OF LIGHIING

Most of the energy used by lighting
is in the form of heat. Since lights
do supply scme heat during winter, it is
not so important to turn them off. But
in sumver, heat from lights works agamst
the air conditioning system,

You can save energy by planning your
lighting so that it is the most efficient
(Figure 103). Flwrescent lights give
more light for energy used than incandes~
cent lights.

40 WATT
INCANOES CENT
BULB

FLUORESCENT
BULB

INCANDESCENT BULB GIVES ABOUT 1/3
AS MUCH LIGHT AS FLUORESCENT BULB

WITH THE SAME AMOUNT OF ENERGY

FIGURE 103. Plan an efficient lighting
system to save energy-




13. EFFECT OF PIUMBING

Plunmbing can be designed to save
energy. Dripping fauwcets lose energy,
especially hot water faucets. It is
usually mot cost effective, however, to
insulate residential pipes.

A water heater located inside the
living area will help heat the house
It will work against the air conditioning
in sumner (Figure 104). In any case, the
water heater should be well-insulated.

Maddingmsulatimtogasheaters,
be sure to provide for air to the bumer.

14. ENERGY-EFFICIENT APPLIANCES

Mich emphasis is now being placed an
the operating efficiency of appliances.
- When purchasing new appliances, you
should campare efficiencies.

Instructional Sheet IP-2B, 1-16

VINYL
QUTER LAYER

4.8cm (1%in}
FIBER GLASS
INSULATION

e L i LA W e m T AR oL

FIGURE 104, Water heaters should be
well-insulated.
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General Recommendations for Energy Efficiency in Residences
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FIGURE 10S. Winter degree days for different geographic locations.

General reocamrendations for inproving
the energy efficiency in your home are
as follows:

Caulk all cracks ard joists.

Weatherstrip all doors and windows.

Insulate heating and ventilating
pipes and ducts if they are in
unconditioned space.

Use Rz'for pipes and R, for ducts.
Provide outside cambustion air to
all fossil fuel burners.

- This includes wood stoves and fire—

places.

Fit fireplaces with a glass-front
seal.

6. Use only high-efficient heating,
air corditioning and appliances.
Heating systems should not be
designed for greater than 15%
oversize. EER ratings should be
8 or alove.

Find winter degree days for your
locality (Figure 105).

For more specific information,
contact your Energy Extension
Office.

8. Select type of heating fuel you
are using in colum 2, Tahle. IX, -

9. Find R-value recammended for
—- -ceilings, walls and floors for
your type of windows and doors.

10. Follow procedures in Parts Two
and Three for computing more
accurately the heat loss and )
materials.




WAYS AND MEANS OF REDUCING .HOME AND
SMALL BUILDIKG ENERGY USE

IP-3.  Strategies and Techniques for Reducing Residential and Commercial
Energy Consumption ) ’

Al

OBJECTIVE

This instructional package will help identify strategies that may be used
to reduce energy consumption in small buildings and homes. When finished with this
instructional package, yocu will be able to:

A. Identify major means for reducing residential and commercial energy com-
sumption. T

~B. List strategies for reducing residential and commercial enmergy consump-
tion.

RESOURCES

Book:

Home Enmergy Conservation Primer. Vogel, Michael. Morgantown, West Virginia:
West Virginia University,IIQSO.

Information Sheet:

Strategies and Techniques for Reducing Residential and Commercial Energy Com-
sumption, 1980, 1P-3,1-19.




ACTIVITY
A. Review instructional package resources listed on previous page.

B. List five (5) strategies for reducing energy use under each of the
gories listed below:

Minor Appliances Landscaping

1. 1.
2. ' 2,
3. 3.
&4, &.
5. 5.

Heating System Coding System

1.

2.

5.

Hot Water System




ACTIVITY (Continued}

Refrigeration Systems Building Structure

1. 1.
2. 2.

3. 3.

G. . 4.

5. 5.

-

Check your responses with your instructor.

FEEDBACK

Objective A-B Check:

Check your responses with your instructor.

Instructor's Approval
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Strategies and Techniques for Reducing Residential
and Commercial Energy Consumption

Energy conservation is on the rise in many households and commercial build-
ings. Industry data show that 2-3 million households added an average of
4=5 inches of attic insulation during 1974, 1975, and 1976. Reports in
1977 suggest a figure of nearly 6 miilion. Adding 4-5 inches of attic insu-
lation cuts space heating needs by 10-20 percent, depending upon local climate
and the condition of the house.

Occupants of 10 million single family detached homes (22% of the applic-
able housing stock) took action to add enmergy-saving features in 1975, The
average household spent $150 for attic imsulation, wall insulation, storm
doors, storm window§, caulking, and/or weatherstripping.

The number of new heat pumps installed in homes increased rapidly from
61,000 in 1971 to 250,000 in 1976, doubling between 1975 and 1976. Heat pumps
provide winter heating with approximately 60% of the electrical energy required
by electric resistance systems. This increase in sales is particularly signi-
ficant because the initial investment ig several hundred dollars more than
for a2 conventional system supplying electric resistance heat and central air
conditioning,

There are many examples of individual schools, hospitals, and stores whose
"housekeeping” changes have produced large emergy savings. A large office
building in Los Angeles, for example, cut energy use 457 with lower lighting
levels, lower thermostat settings for winter and higher ones for summer, and
improvgd controls on heating-cooling ventilation systems.

Federal programs have had a major impact on emergy use in buildings through
federal energy legislation. Although federal emergy policy is still evolving,
there already exists a substantial amount of energy legislation that has pro-
found includes the Energy Policy and Conservation Act (EPCA), the Energy
Conservation and Production Act (ECPA) of 1976, and the National Energy Act
(NEA) of 1978.

The stated purpose of both of ‘1975 and 1976.acts is to iﬁcrease the supply
of domestic energy through productive incentives while restraining energy de- .
mands through greater conservation. The provisions of both acts are highlighted ;|
in Table 1. '*




GOVERNMENT ENERGY POLICIES

Substantial legislation already exists dealing with energy. At the
Federal level most of this legislation is aimed at curtailing energy con-
sumption; at tpe state level much of it encourages the use of solar
energy; and at the local level the emphasis is on building codes. Re-
éa:dless of level, parts of this legislation are generating real estate

market changes.

Existing Federal Energy Legislation

Although Federal energy policy is still evolving, there already
exists a substantial amount of energy legislation that has profound

effects on the real estate professional. Specifically, this legislation

includes the Energy Policy and Conservation Act (EPCA} of 1975, the

Energy Conservation and Production Act (ECPA} of 1976, and t?e National

Energy Act (NEA} of 1978.
EPCA and ECPA

The stated purpose .of both the 1975 and 1976 Acts is to increase
the supply of domestic energy through production incentives, while
restraining energy demand throughlgreater conservation. The provisions
of both Acts are highlighted in Table II-1. The production incentives

section of the 1975 Act rolled back the maximum price for newly




TABLE I1I-1. HIGHLIGHTS OF EPCA AND ECPA

A, Highlights of EPCA (1975)

Domestic Supplies and Strategic Petroleum Reserve

- incentives for coal conversion

- eXport restrictions

- prohibition of certain lease building arrangements
- production rate requirements {cil and natural gas)
- reserves of up to 1 billion barrels

Standby Energy Authorities
- energy conservation and rationing contingency plans
- export restrictions

Improvzng Energy Efficiency
automotive fuel economy {27.5 mph by 1880)
consumer product labeling
consumer product energy efficiency standards
consumer education
A. State Energy Conservatiocn Plans
- fines required plus supplemental programs to achieve
5 percent or more reduction in projected 1980 state-
wide energy consumption
-~ Federal assistance to states
B. Industrial Energy Conservation
- voluntary reporting
- individual industry targets
C. Other Measures
- Federal energy conservation program
- Tecycling of oil

4. Petroleum Pricing Policy and Amendments to the Allocation Act

S. General Provisions
- energy data base

B. Highlights of ECPA (1976)

FEA Amendments
' - extended lifetime of FEA
- enhanced EpaA (1973)
~ created Office of Energy Information and Analysis
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TABLE II-1. HIGHLIGHTS Of EPCA AND ECPA (Continued)

2. Electrical Utility Rate Design Initiatives
- load management

- marginal-cost or time-of-day pricing

3. Energy Conservation Standards for New Buildings (performance type)
- NBS, NIBS, and HUD to develop by 1980 '
- Federal financial assistance cutoff to areas that do not
adopt and implement standards =

4. Energy Conservation and Renewable Resource Assistance for

Existing Buildings

- weatherization assistance for low-income persons

- supplemental state energy conservation plans--public education,
intergovernmental coordination, and energy audits required,

~ energy conservation and renewable resources demonstration
program for existing buildings

- grants, low-interest loans, interest subsidies, and loan
guarantees to encourage energy-saving retrofitting

- loan obligation guarantee program for commercial bulldings

Adapted from Department of Energy, Organization and Functions Fact Book,
(Washington, D.C., 1977) )
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discovered oil to $7.60 a2 barrel, but gave the President authority to -
raise the price 2 maximum of 3 percent per year in order to encourage |
production. Although 2 price rollback usuzlly stimulates consumption
and thus tends to aggravate a shortage, the rollback in the 1675 Act
was envisioned as a production incentive.

Dissatisfied with the effect of thc 1975 Act, in the 1976 Act Congress
encouraged the President to increase the price of newly discovered oil
bf as much as 10 percent per year. Additional price incentivies for
increased production include the elimination of price controls on crude
oil f;om stripper wells and the recommendation that the President provide

price incentives for various enhanced recovery techniques.

. Impact on Real Estate Professionals

A
The 1975 and 1976 Acts also directly and indirectly affect the

business expenses and the information utilized by real estate profes-
sionals. To encourage energy conservation, the 1975 and 1976 Acts |
include product labeling requirements, product efficiency standards, and
consumer education programs.

.. The 1975 Act mandates labeling a variety of products with their

eﬁerﬁ?refficiency ratings. Just as ail automobiles must now carry labelsl

R R E e Iy

iﬁ&icating their fuel economy, their estimated annual fuel costs, aﬁd the
range of fuel economy for cobparable vehicles, many household appliances
will also have energy efficiency labels. Because efficiency-labeled
products are often included in the real estate transaction, thg real
estate professional needs to be knowledgeable about their energy

efficiency ratings (EER). . . l -

243 | ‘

229
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The National Energy Act (NEA) was by the 95th Congress on
October 15, 1978, and includes fivauégpg;ate bills. Provisions
of the SEA are expected to result in reduced imports by 1985,
increased usage of fuels other than oil and gas, and more efficient

‘and equitable use ¢f energy in general. The five bills of the

Act are these:

P.L. 95=-617: The Public Utilities Act

P.L. 95-618: The Energy Tax Act {

95-619: The National Energy Conservation Policy Act
(NECPA)

95-620: The Powerplant and Industrial ?uel Use Act
95-621: The Natural Gas Policy Act
The stated purpose of these bills is to put in place a2 policy
framework for decreasing 0il imports, and it is estimated that
full implementation of these bills will save at least 2.5 million

barreis of imported-oil per day by 1985.




Technical changes in the residential/commercial sector could
lead to a more than 40 percent reductfon fn its fuel requirements.
A careful look at the energy actually used by homes and commercial
butldings in 1973 suggests a wide array of specific opportunities
for energy efficiency improvements. The more important technical
mprovements include:

o Reduce heating losses by 50 percent with better insulation,
improved windows and reduced fnfiltration; this reduction is
the single most important step in this sector accounting for
about one-half of the savings.

Substitute heat pumps for electric resistance heating.

Cut water heating fuel requirefients by 50 percent through

the addition of more insulation, reduced hot water temperature
settings, ‘and the use of solar energy or heat recovery from
other appliances.

Increase the efficiency of new atr conditioners and refriger-
ators, and introduce total energy systenms.

Improve 1ighting systems to reduce energy requirenents for
lighting in commercial buildings by 50 percent.

The possibility of making these improvements has_been well
documented. For examplc. it has been shown that energv *consumption
by refrigerators and air conditioners varies over a remarkably wide
range. In the case of refrigerators energy use can vary by -a
factor of two within a single class of size and features with little
correlatfon between energy requirements and first cost. In addition
to the opportunities for more efficient appliances and space heating
systems, the energy characteristics of most bufldings themselves can
be vastly improved. Hew buildings can be economically designed to
reduce typical space heating requirements by 75 percent, with sfmilar
savfngs achievable 1n many older hkuildings.
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Potential Annual Fuel Savings in the Residential Sector
(percent of 1973 total energy demand)

Conservation Potential
Measures : Savings

Replace resistive heating with heat pumps

Increase air-conditioner efficiency

Increase refrigerator efficiency

Cut water heating fuel requirenents

Reduce heat losses

Reduce air conditioner load by reducing 1nf1]trat10n
Introduce total energy systems into 1/2 multifamily units
Use microwave ovens for 1/2 of cooking

L)
wWad P oSoQ

OO0 A-OOO
L)

®
%

Total

Potential Annual Fuel Savirngs in the Cormercial Sector
(percent of 1973 total energy demand)

Conservation Potential

Measures Savings

Increase air-conditioner efficiency

Increase refrigeration efficiency

Cut water heating fuel requirenents

Reduce building 1ighting energy

Reduce heating requirements

Reduce air-conditioner demand with better insulation

Reduce afr-conditioning demand by reducing ventilation
rate and by using heat recovery apparatus

Use total energy systems in 1/3 of all units

Use microwave ovens for 1/2 of cooking

OWw=-000
L)
- P aln

=Y=%-
—p -

o

.

h
*

Total
*Totals may not add due to rounding

Source: Adapted from M.H. Ross and R.H. Williams, "Energy and Economi
Growth,* published in Achieving the Goals of the Employment Act of
1946-=Thirtieth Anniversary Review {Washington, D.C.: U.5..

bovernment Printing Urtice, 19 .

Attic and wall insulation can be increased. Storm windows,
storm doors, and weatherstripping can be added. The efficiency of
heating and cooling can he raised through the increased use of heat
pumps jnstead of electric resistance heating and by the substitution
of improved air conditioners and oil and gas furnaces. And new

homes can be built with many “"passive solar® features such as over-
hangs, large southern exposures, and moveable fnsulated window
panels.

These are only a feu of the conservatfon strategies avai]ab]e
to homeowners. It §s the primary purpose of this - ‘o

f\**gtaxhwgii;Teach of these and additjonal Strategies. in detafl. )
t"Lp.-J/ it d&ﬂc&deM . @J«Ldu (’nu..u.‘-ru«. .
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Exhibit 8.4 Building Checklist
1. Shade walls and paved areas adjacent to the builciing to reduce solar radiation striking the building.

. Plant deciduous trees for their summer sun shading and windbreak effects for building up to three
stonies,

. Plant conifecous trees for summer and winter sup shading and windbreak effects,

4. Cover exterior walls with planting to reduce heat transmission and solar gain, taking care that the
planting will not have deleterious effects on the building material.

. Plant shtubs or lawn between the building perimeter and sidewalk t© reduce heat built-up.

. Plant lawn between sidewalk and the steeet to reduce heat build-up. if maintenance i possible in
view of the amount of foot traffic.

. Consolidate or, where feasibie. relocate paved areas away from the building perimeter and replace
with grass or other vegetation to reduce outdoor temperature build-up.

8. Use ponds and water fountzins to reduce ambient autdoor 2ir temperature around building.

9. Use carpeting for thermal comfort particulariy over slabs on grade.

. Do not heat parking garages.

. Reduce crack areas around doors. windows., ete.. to a minimum.
. Provide all extemal doors with weatherstripping.

. Be sure operable windows have sealing gaskets and cam latches.

. Provide all entrances with unheated and uncooled vestibules or revolving doors when not in conflict
with public law and fire safety requirements.

. Provide vestibules with self-closing weatherstripped doors to isolate them from the stairwells and eleva-
tor shafts.

. Seal all vertical shafts. )

. Provide windbreaks for ventilation louvers.

. Provide exterior shades that eliminate direct sunlight but reflect light into occupted spaces.

. Stope vertical wall surfaces. so that windows are self-shading and walls below act as light reflectors.

. Use clear glazing. Reflective or heat absorbing films reduce the quantity of natural light transmitted
through the window.

. In climatic zones where outdoor air conditions 2re suitable for natural ventilation. provide operable
windows. Where 2pplicable, allow cross-ventilation through occupted spaces.

. Where codes Of regulations require operable windows and infiltration is undesirable, use windows
- that close against 2 sealing gasket.

To reduce air infiltration quantities. consider one or more of the following measures:
a. Besure fixed glass facades are adequately gasketed and/or caulked.

b. If possible, use permanently sealed windows to reduce infiltratlon in climate zones where this is
a large energy user. ]
. To"i-ninimi.ze heat gzin in summer due t0 solar radiation. consider one or more of the following:

2. Finish roofs ..ith a light-colored surface having high emissivity.

b. Convert to reflective surfaces. Y
c. Install roof sprays.
d. Install roof ponds.




Exhibit 8.4
(Continued)

25, To allow the use of npaturatl light in cold zopes where heat losses are high energy users. considzr oper-
able thermal bargiets.

26. To take advantage of patural daylight within the building and rcducc clc;trtcal energy consumption.
wonsider the following:

a. Increase window size but do not exceed the point where yeacly energy consumptlon, due to heat
gains and fosses. exceeds the savings made by using natural light.

. Locate windows high in wall to increase reflection from ceiling. but reduce glare effect on occupants.

. Control glare with translucent drapes operated by photo cells.

. Sun controls are most effective when designed for each specific orientation. Horizontal shading
devices. such as awnings. prevent solar g2ins when installed on southern exposures. On east and
west walls. 2 combination of horizontal and vertical devices are needed to prevent solar gains.
Vertical sun controls might simply be trees and shrubs.

. Venetian blinds act as adjustable solar screens and can cut solar gains considerably.

f. Closed draperies ate sometimes more eftective in controlling solar gains than tinted glass.

- Exterior touvered solar screens. as well as interior shutters. can prevent excessive heat loss in

addition to controlling solar gains. Shutters can be equipped with devices to seal windows at 2
preset time Or temperatute.
Color is important in all of the zbove treatments. Where cooling is a problem, venetian blinds
and the ipside and outside of shutters should be light in color to reflect heat and light away
from the building. Where heating and/or light restriction are desired. the use of dark draperies
or dark shades is sensible.

. Shelter service aceas from sun and wind with screens and walls andfor by judicious planting of trees.
. Consider enclosing serviée and delivery areas with power-operated doors.

. Provide options such as covered parsonnel loading and unloading sites at building if such options will
encourage car-pooling or use of mass transit.

- Evaluate the trade-offs berween heat loss and heat gain on each exposure with pamcular regard 0 .
the wind apd the sun.

. Evaluate the utilization of daylight versus heat loss and heat gains and glare problcms peculiar to cach
exposure. .

. Evaluate the beneficial effects of direct solar radiation for heating versus the adverse effects during the
cooling season.

. Evaluate the extent to which alteration of the building envelope would maximize ¢nergy conservation
benefits when evaluating all the trade-offs.

. Consider insuiation with low water absorption that dries out quickly and returns 1o its ongmal thermal
performance.

. Protect insulation from moisture originating outdoors, since efficiency decreases when the insulation
is wet. _

. Provide vapor barriers in exterior walls and roof of sufficient impermeability to prevent condensation.
Vapor barriers are requiced on the interior surface or exterior walls for heating and opn both interior
and exterior walls for cooling (with ventilation in between).

. Logate insulation at the exrerior surface for walls, roof, and floors wier garages.




Exhibit 8.4
(Continued)

. IF possible, insulation should be located not only on the outside surface of a wall section, but also
on the outside of the structure itself.

. Where floors are over unheated spaces. such as a garage, consider suspending a ceiling bencath the open
fAoor beams with batt insulation.

. In cool and cold climates, consider adding perimeter insulation to floors on gradc This can sometimes
be added vertically to the grade beams. . _'“

. Consider the use of the insulation type which can be most efficiently applied to optimize thermal
resistance of the wall or roof,

. Avoid thermal bridges through the exterior surfaces.
13. Provide textured finish to external surfaces to increase the external film coefficient.
. .Reduce heat transmissions through the roof by one or more of the following methods:
a. Increase insulation.
b. Provide sod and planting. .
c. Add a double roof and ventilate space between.
. To minimize heat gain in summer due to solar radiation, finish walls and roof with a light-colored
surface having high emissivity.
. To redute heat loss through glass windows, consider one or more of the following:
a. Reciucc the ratio. of glass wall and window area to opague wall area.
. Reduce percentage of glazing 1o a minimum on north wall, -
. Allow direct sun on windows from November through March,

b
c
d. Convert to double glazing.
e. Convert to triple glazing.
f. Replace window frames that form 2 thermal bridge.
47. To reduce heat gain through glass, consider one or more of the following:
a. Reduce the ratio of glass wall 2nd window area to opague wall area.

b. Coavert to double glazing.

¢. Convert to triple glazing,

d. Consider doubie glazing with a reflective susface.

e. Reduce percentage of exposed window glazing ont the south wall.
f. Shade windows from direcr sun from April through Ocrober.

8. Use venctizn blinds or drapery as inregior shading devices.

48. Consider the use of solar controls, such as intenal or exrernal shading devices to manipulate sunlight
and achieve the maximum advantage and energy savings from it.

a. Solar shading devices used 1o reduce heat gain in the summer are most effective when located on
the exterior of the building and particularly effective when movable.




Exhibit 8.7 Lighting Checklist
. Design lighting for the task.

. Provide the required illumination for visual tasks in the working arcas only and appropriate lower
levels int the general areas, such as corridors. storage, and circulation arcas.

. Reduce the wattage required fOr each specific task by review of user needs and method of providing
illumination.

. Consider only the amount of illumination required for the specific task in view of the duration, the
character, and the user petformance required. :

. Group similar tasks rogether for optimum conservation of energy per floor.
. Huminate tasks with fixtures built jnto fumiture and maintain low intensity lighting elsewhere.

. Consider wall washers and special illumination for features such as plants and rurals, in place of over-
head lighting to maintain proper contrast ratios.

. For horizontal tasks or duties consider fixtures whose main lighting component is oblique and then
locate for maximum ESI footcandle on task.

. Avoid decorative flood lighting and display lighting.

. Use fixtuces that give high contrast rendition at task.

- Reduce lighting requir¢iments for hazards by:

a. Use of light fixtures close to and focused on hazard.

b. Increased waming of hazards;i.e., paint stair treads and risers white with black nesings.
. Keep exterior lighting ro 2 minilmum by consideration of the following:

a. Eliminate exterior lighting except where lighting is to be used for the purpose of identifying
the building entrances and/or for security.

. Consider intruder-activated devices rather than photo- or time-controlled #lymination security
luminaires.

. Coordintate street lighting with security lighting and eliminate duplication.
. Use high-efficiency light sources (high-pressure sodium oc HID lamps).

. Use efficient luminaires (prismatically controlled lens, rather than general diffuse or decorative
geometric forms).

f. Use photo celis for turning ont exterior lights and time clocks for turning off the exterior lights.

. Consider the use of ballasts which can accommeodate sodium metal-halide buths interchangeably with
other lamps.

. Selecr the most efficient light sources.

. Consider using 250-watt mercury vzpoi- lamps and metal-halide lamps in place of 50Q.watt incan-
descent lamps for special applications.

. Use lamps with higher lumens per watt input such as:

. One 8-foot fluorescenc lamp versus two $-foot lamps.
. One 4-foor lamp versus two 2-foot lamps.

. U.tube lamps versus two indivudal lamps.

. Fluorescent lamps in place of all incandescent lamps except for vety close task lighting, such as
for a typewriter.

. Consider the use of landscape office planning to improve lighting efficiency. Approximate s 25% less
wattage per footcandles on tasks is possible by the use of open planning versus partitions.




Exhibit 8.7
(Continued)

. Comsider the use of light colors for walls, ﬂobrs_ and ceilings to increase reflectance (but avoid specular

reflections).

. Lower the ceilings or mounting height of luminaires to in;rea.se_the level of illumination with less

wattage.

. Select fumiture apnd interiot appeintments that do not have glassy surfaces or give specular reflections.
- Avoid the use of glossy surfaces on the task and its surroundings.

. Use high reflectance finishes on room surfaces (particularly vertical surfaces).
. Lay out the luminaires for visual performance rather than uniform space geometry.

. Within the [imits of the luminaire supporting system. locate the luminaiees as close to directly over

the task as possible without creating excessive reflections.

. Locate luminaires just beyond the ends and working edge of the desk. Avoid locating luminaires

directly in front of the visual task.

. In multiple task areas. luminaires should be {ocated between the desks so that the main lighting com-

POnents originate from either or both sides of the desk.

. Provide proper controls for the [uminaires.

. Install switches for lights near the windows so the lights may be turned off in accotdance with the

amount of daylight available at any given time.

. Luminaires should be selectively switched according to possible gtouping of working tasks at diffeéen_t

working hours.

. Use multiple lamp luminaires so that one lamp may be switched off during different times of the day.

. Design switch circuits to permit tuming off unused or unnecessary lights.

. Evaluate the use of low voltage (24 volts or lower) switching systems to obtain maximum switching

capability.

. Provide timers to tum ofF lights automatically in remote or seldom used areas.
. Utilize daylight.
. Use natural illumination in areas when a pet energy conservation gam is possible vis-a-vis heating

and cooling loads.

. Provide exterior teflectors at windows for more effective intemnal illumination.

. Use thermally controifed luminaires.

. When space and codes permit. use luminaires which will allow room air to flow through the lamp

39.
40.

41.

42,

43.

compartment. When supply air can be discharged around the hood that is built around the luminalre,
further light output can be gained, -

Keep the luminaires in good working condition.

Use high utilization and maintenance factors in design calculations and instruct users to keep fixtures
cleant and change lamps on a timely basis.

Arrange electrical system to accommodate relocatable luminzires which can be removed to suit chang-
ing furniture layouts,

Use multidevel ballasts to permit vacying the lumen output for fixtures by adding or remonnglamps
when tasks are changed in location or requirements. .

Control overtime work and cleaning periods.
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Exhibit 8.14 Heating System Checklist

I. Install tmers on boilers, fans, pumps. etc., where “unoccupied™ condition permits shutdown.

. Use elcetric ignitions in place of gas pilots for gas bumers,

. Extract waste hear from boiler Nue gas by various methods such as extended surface coils, heat pipes,
flue gas condensate, heay exchanger (reclamation of latent heat in flue gas). ete.

4. Retain coal burning facilities, coal s10rage rooms, stokers, etc., for primary or secondary fuel use,

. Use fuel such as bark or sawdust in areas where such is a dependable source of fuel.

6. Consider the use of thermal storage in combination with heat pumps and a hydronic loop so excess

heat during the day can be captured and siored- for use at night.
. Replace old inefficient bumers with new efficient ones.

8. Insiall heat pumps (both waterfair and airfair) 10 maximize use of continuing low-grade heat sources.

. Preheat combustion air to increase boiler efficie ncy-. Manufacturer’s recommendations to be followed.
. Reduge blowdown losses by installing automatic blowdown controls and heat recovery systems.

. Replace existing boilers with modular boilers.

. Replace boilers when necessary with new bojlers matched to current needs.

. Insulate existing underground heating tines where piping is in good condition.

. Convert to a low pressure system to improve the heating system’s annual operating efficiency.

. Install a boiler stack economizer to recycle exhaust heat.

. Preheat oil 10 increase efficiency.

. Add controls capable of providing 100% shut-down of air and water to unoccupied space.

. Install turbulators in boiler tubes to increase the heat jransfer from hot gases 10 the water side.

. Install automated damper controls to provide positive draft shut-off when the boiler is not operating.
. Isolate off-line boilers during light heating loads. ' '

. Recalibrate existing stack temperature gauge or install new one.

. Connect space heating hot water pumps to time clocks to operate when the boitet is on line.

. Install thermeostats for controt of all heating equipment.

. Inspect insulation of all mains, risers and branches, economizers, and condensate receiver tanks.

. Install an automatic night thermostat to control steam pressure during night hours,

. Inspect bojler door gaskets for tight seal.

. Install automatic steam control valves on radiators to reduce the psed for opening wmdows in over-
heated rooms. -

. Inspect noxzzles or cup of oil ftred units on a regular basis. Clean as necessary.
. Heat transfer surfaces of radiators, convectors, baseboard and finned-tube must be kept clean.
Keep heat transfer surfaces of all electric heating units clean and unobstructed.

. Ventilare hydroni¢ ynits to enable hot water 10 circulate freely throughout the system.

-

. Operate minimum heatmg water pumps when necessary.
. Examine operating procedures when more than one boiler is involved for excessive heating loss.

. Check flue gas analys:s on a periodic basis to make sure bumer is adjusted 10 achieve proper stack
temperature.

. Adjust airffuel ratios of firing equipment 10 specifications.
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Exhibit 8.14

{Continued)

. Inspect boilers for scale deposits. accumulation of sediment on wate: side surfaces.

. Inspect linkages pericdically for tightness. Adjust when slippage or jerky movements observed.
. Keep a daily log of pressure, temperature, and other data obtained from instrumens.

. Inspect fireside of the fumace and tubes for deposits of soot, flyash, and slag.

. Observe the fire for faulty selenoid valve when the unit shuts down,

. Check automatic temperature control system and related control valves to ensure proper regulation
of system.

. Inspect zone shut-off valves to make sure they can shut off steam t¢ unoccupied areas.

. Check accuracy of recording pressure gauges and thermometers.

. Inspect electric heating elements, controls, and fans on a periodic basis 10 ensure proper functioning.

. Check reflectors on infrared heaters for proper beam direction and cleanliness.

. Listen'10 steam traps 1o determine if they are ¢pening and closing when required.

. Clean mineral er corresion buildup on gas bumers.

. Inspect all boiler insulation, refractory, brickwork. and boiler casing for hot spots and air leaks.

. Check bumer firing period for sign of faulty controls.

. Inspect oil heaters 10 ensure that il temperatures are being maintained according to recommendations.
. Inspect vil line strainers. Replace if dirty.

. Readjust damper control 1o maintain proper draft under both low and high Rre.

. Tum off the boiler natural gas nand_ig_g;i]or during the summer months when boiler is shut down.

. Determing®if all installed hearing isﬂne‘c&esary.

. Calibration of all instruments should be checked annually 2nd corrected if inaccurate.

. Inspect coal-fired stokers. grates, and contrels fer efficient operation.

. Check and repair oil leaks at pump glands. valves. or relief valves.

. Measure with the gas meter the fuel consumption of the boiler on manual vs. automzt:c firing.

. Adjusrt the boiler for low fire during spring. summer, and fall.

. Operate one boiler during most of the winter heating season and during entire season if possible.
. Tum off heating system 30 minutes before the building will be uneccupied.

. Reduce the space heating hot water temperature to heating needs.

. Shut off or remove heating units from vestibules, lobbies, and corridors.

. Hv;zat store rooms only if necessary for protection of stored contents.

. Do not heat parking garages.

. Lower steam pressure to the standard minimum.

. Revise fan drive or trim pump impeHer for required flow with no throttling in existing systems where
throttling is necessary.

. Install door grill in inside furnace room door 1= provide adequate combustion.

. To reduce steam piping heat losses, valve off steam headers in the boiler room to individual air handling
units when they are off.

. Hire a temperature cantrol expert t ¢ check and adjust all system centrolsand ye.:c{mnd modifications.
. Reinsulate some of the steam piping, especially near the air handling units. ’

. Change fans and pumps from steam t¢ electric motor devices to permit reduction of steam pressure
in mild weather.
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Exhibit 8.15 Cooling System Checklist

1. Operate only necessary chilled water pumps and cooling tewer fans.

. Consult with manufacturer to determine if cocling cquipment can be shut down when cutside tempera-
tures are below certain levels.

. Eliminat* cocling building during unoccupancy.

4. Insulate existing underground chilled water piping if there is an excessive heat loss indicated.

. For cooling only (or primarily cooling) systems. relocate the fan motor outside of th~ conditioned air
stream. ‘

. Select high efficiency pumps that match load. Do not oversize.
. Use modular pumps to give varying flows that can match varying loads.
. Replace single-speed fan motors with multi-speed motors.

. For existing cases, such as conference rooms, where air-cooled packaged air conditioners may be
installed and 100% outside air remains unnecessary. route exhaust air from space to supply cocler-
than-outside air to the condenser. .

. To enhance the possibility of using waste heat from other sysiems, design air handling systems to
circulate sufficient air to enable cooling loads to be met by 60°F air supply temperature.

. Select chillers that can eperate over a wide range of condensing temperatures and then consider the
following: .

a. Use a double bundle or cascade arrangment of condensers.

b. When waste heat cannot be used directly or stored. operate the chiller at the lowest possible

condensing temperature compatible with equipment limitations and with ambient outdoor
conditions.

. Consider operating chillers in series 1o increase efficiency on standard duty and cascade heat recovery
systems.

. Consider chilled water storage systems to allow chillers to operate at night when condensing tempera-
tures are lowest and to allow smaller sizes of eqmpmem

. Add condensers (additional heat exchanger) 1o chillers for lower fouling factor-and lower oondenmng
temperatures.

. Consider the use of double bundle evaporators so that chillers can be used as heat pumps to upgrade
stored heat for use in unoccupied periods.

. Install automatic valves on cooling tower bleed to avoid excessive bleed.

. Use adiabatic saturation (evaporative cooling) to reduce iemperature of hot dry air toextend the peried
of time when “free cooling™ can be used. .

. Use cutdoor air for scnsxble cooling whenever conditions petmit and when recaptured heat cannot
be stored.

. For 100% outside air systems (laboratories, eic). consider pre-coohng coilsl using the cooling tower
as the cooling source either alone of in conjunction with the refrigeration plant.

. Design chilled water systems to operate with as high a supply temperature as possible.
. Consider atmospheric or induced draft type cooling towers for least energy use.




4. Reduce or eliminate air leakage from duct work and from around coils.

Exhibit 8.15
{Continued)

. In lieu of exhausting air directly 1o atmosphere on outside air cycle, route 2ir to cool such spaces as
occupied storerooms.

. Increase the number of cooling towers so that:
a. Fan-off atmospheric cooling may be obtained.
b. Low condensmg water temperature may be obtained.

. In the summer when the outdoor air temperature at night is lower than indoor temperature. use full
outdoor air ventilation to ‘remove excess heat and precool the structure.

Al

. Replace inefficient air conditioners.

. Calibration of all instruments should be checked annually and corrected if inaccurate.
. Check and repair oil leaks 2t pump glands, valves or relief valves.

. Turn off cooling system 30 minut‘es before the building will be unoccupied.

. Relocate the fan motor outside of the conditioned air stream for cooling systems.

Exhibit 8.16 Heating, Ventilating and Air Conditioning System Checklist

. To reduce fan horsepower. do the following:

a. Design duct systems for lowest possible pressure loss.
b. Use high efficiency fans.

c. Use iow pressure loss ﬁ.lters;

. Replace single speed fan motors with multi-speed motors. ‘

. In principle. select the air handling system which operates at the lowest possible air velocity and
static pressure.

. Provide outdoor air directly to the perimeter of exhaust hoods in kitchens. laboratories, etc.

. Transfer air from “clean™ areas to more contaminated areas (toilet rooms. heavy smoking areas)
rather than supply fresh air to all areas regardless of function.

. Reduce the ene}g;y required to heat or coo] ventilation air from outdoor condttions to interior design
conditions by deing the following: Reduce indoor air temperature setting in winter and increase in
summer except with existing reheat systems. L

. Consider omitting heating coils in units serving interior spaces.

. Exchange heat between outdoor air, intake, and exhaust air by using heat pipes. thermal wheels, run
a.rou.nd systems. etc.

. Consider the use of spot heating and/or coolmg in spaces having large volume and/or low occupancy.

- Design HVAC system so it does not heat and cool air simnltancously.

. Do not use terminal reheat system. ’ -

. Use reheat for humidity control only where warranted by an mdustnal type of process

. Consider converting terminat teheat and/or dual duct systems to vanable air volume systems of the
type that are low in maintenance and require no externa! controls.
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Exhibit 8.16
(Continued)

. Construct enclosures around rooftop units to reduce tadiation and wind losses from exposed ducts.

. Inspect thermostat locations. Relocate if they currently are positioned near 27eas subject to outside

drafts.

. Balance ‘mechanical ventilation and provide building static pressure control so that supply air equals

of exceeds exhaust air quantity.

. Replace outside air dampers with low leakage type.

. Opel";!le exhaust fans only when needed. Install separate time clocks to regulate cycles,
. Install individual time clocks for each fan unit.

21. Install a centrat control pancl for all building systems.

22, Consider heat recovery or exchange between make-up and exhaust air.
. Add automatic controls to shut down the ventilation system whenever the building is closed for an

extended pertod of time.

. Add a warm-up cycle 1o air handling units with 0u3door iy intake.

. Modify duct systems and hoods to introduce « - fed outdoor o return air directly 10 the exhaust
hood. ,

. Insulate all ductwork carrying conditioned ajr through unoccupied spaces.

. Reduce fan power input equipment by reducing air volume.

. Install baffles to prevent wind from blowing directly into outdoor ajr intakes.
. Adjust oversized exhaust hoods s0 N0 more 2ir than necessary is exhausted.

. Use exhaust hoods in necessary rooms only while operations are underway.

. Cover all window and through-the-wall cooling units when not in use.
. Establish a ventilation Operation schedule 5o that the exhaust system operates only when it is needed.

. Inspect all outdoor air dampers to make sure they are airtight. Inspect position indicators for accuracy

(dampers).

. Reduce outdoor 2ir to the minimum required to balance the exhaust requirements and maintain posi-

tive pressure.

. Adjust the automatic day-night settings to operate ventilation units fewer hours during the day cycle.

. Reduce mechanical ventilation in preportion to amount of buil&ing ventilation.

. Operate the ventilation system only when the office is occupied.

. Clean d_gyris from unit ventiators to permit more efficient operation.
. €lean the filters more one'h to increase the overall efficiency of the air handling units.

41.

42,
43,
44,

Use full outdoor air ventilation to remove excess heat and pre-cool the structure to reduce air condition
load in the summer.

Increase mixed ajr temperature during summer to minimize the air conditioning and reheating
requiréments.

Change all fresh air limit tontrol settings to make them consistent.
Close outdoor air dampers tightly curing unoccupied periods.
Post instructions on each operable window to keep closed while the building is being heated or cooled.




Exhibit 8.) 7 Process Energy Checklist
Process Steam
1. Check steam system for leaks and condition of steam traps and insulation.
2. If condensate is discharged to drain, can the heat be recovered?
3. Cancondensate be ret\urned to boiler if there is no possibility that it can become contaminated?
4. Can boiler be cycled by time clock controls to match hours of production?
5. Clean coils and heat exchangers on vegular basis to maintain efficiency.
§. Does boiler have a water treatment program for scale, corrosion, and sclids?
7. Ifboiler has continuous blowdown, can the blowdown be used 10 heat make-up water?
8. Can an economizer be installed on boiler?

9. If small process load is served by heating boiler, can 2 small steam generator be used during non-heat-
ing season?

10. Can use of steam for heat in a process be replaced by 2 more efficient source? )
11. Is"heat necessary? Example: U of a ¢old cleaning process In place of a hot cleaning process:

Compressed Air
1. Check lines and fittings for leaks.

2. Can compressed 2ir be replaced with another more efficient energy source? Example: Use small electric
conveyor to remove parts instead of compressed air. '

3. Can air comp,uss0r be placed on time clock?

4. Can heat from compressor be used for space heating?

5. Can compressor be staged 10 come ont with load?

6. Use outside air for compressor inlet 1o reduce energy by compressing cooler air.

General
1. Are motors sized correctly?
2. Are ventilation fans controlied? :
3. Can waste heat be recovered from process to pre-heat or for space heating?
4. Isequipment being used at efficient load levels? I
5. Install turbulaters in radiamt heat treat furnace.
6. Reduce ventilation Systems to minimum by close capture hoops.

7. Tum equipmem off during breaks and lunch periods. Be careful not to tum them all back on 2t once
and create a costly electrical demand peak.

8. Consider energy usage and ¢ost on new purchases or processes.
9. Does the plant have alternate fuel sources for process?

10. Can waste ¢ils be recovered for buming in boiler?

11. Can waste heat from incinerators be recovered?




POST-CHECK

WAYS AND MEANS OF_ _REDUCING HOME AND
SMALL BUILDING ENERGY USE

Take a walk around the ocutside of your house and throughout the inside of
your home. Make a complete list of area you believe could be improved to save
energy. In addition, list strateg(ies) you could use to reduce enmergy con-
sumption. Record all observations. Keep this list as you work through the
other modules. Show your instructor to give approval of your task.

Instructor's Approval
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PRINCIPLES AND PRACTICES OF HEAT LOSS AND GAIN

The understanding required by the Industrial Arts teacher to adeguately
teach energy conservation in homes and small buildings involves heat loss and
gain. The needed knowledge comes frow basic thermodynamics, as applied to
materials, structures, and practices related to heat loss and gain.

TERMINAL PERFORMANCE OBJECTIVE

Upon completion of this module, you will be able to: identify, define,
and apply concepts, principles, and formulas associated with heat tramsfer,
measurement units, and other necessary factors used for the determinatioch of
heat loss and heat gain for residential structures and small buildings.

INSTRUCTIONAL PACKAGES : KNOW NEED

IP-1. Heat and Mechanisms of Heat Tranmsfer
1P-2. Heat Loss/Gain Equations

IP-3. Seasonal Fuel Use and Costs




PRE-CHECK

PRINCIPLES AND PRACTICES OF HEAT LOSS AND GAIN

Directions: Place a "T" if the statement is true, or am "F" if the statement

1P-1.

is false.
Heat and Mechanisms of Heat Transfer
A BTU is a measure of heat emergy quantity.
Conduction heat flow is ¢aused by electro-magunetic traunsfer.
Convection heat flow cakes place through solids.
Radration heat flow ix caused by warm air rising and ¢old air siunking.

Heat energycoming from a fireplace is an example of comvection heat
flow.

Infiltration is c¢reated by temperature differences.

'The symbol_Q means heat loss.

Qcv means convective heat loss.

Qi means heat transfer by infiltration.

Q¢ means conductive heat loss.

Heat Loss/Gain Egquations

K value is thermal c¢onductivity.

C value is thermal conductivity through one ft. of homogenecus mater-
ial one inch thick, in an hour, for each degree fahrenheitof tempera-

ture difference.

U value is thermal resistivity or the reciprocal of thermal conduct-
ance .

R value is the thermal resistivity of 2 material to heat flow.

U value is the coefficient of transmissicm or the reciprocal of the
total thermal resistance of a material to heat flow.

The ¢rack method and air-exchange mechod are two ¢ommon methods to
determine Sol-Alir-temperature.




PRE-CHECK (Continuted)

PRINCIPLES AND PRACTICES OF HEAT LOSS AND GAIN

»

Conduction heat transfer is calculated using the equation UA (A T).

Infiltration is calculated using the equatiom .018 (Qc) (AT).

U value is calculated by a2dding all R value and dividing the total
resistance by a factor of 1.

The equation for determining the cocl load of a building is VA (ETD).

Seasonal Fuel Use and Costs

The equation 24 hd (ti-ta) can be used to determine
ti-to
seasonal heat loss,

T refers to a difference in temperature between two surfaces.

The equation to determine seasonal fuel use is Q x D x 24.
AT

The equation Qs CD x CF can be used to determine seasonal heat loss.
Y xV

ti means inside temperature.

To 1s used to determineAT.

H means hourly heat loss from the building for the design coﬁditiOns.
h means seasonal heat loss in BTU.

9. , means full load efficiency of a heating system.




PRE-CHECK KEY

. PRINCIPLES AND PRACTICES OF HEAT LOSS AND GAIN

Heat and Mechanisms of Heat Transfer

True . True
False . True
False . False
False . . True
False . True

Heat Loss/Gain Equations

True

False
False
False
True -

Seasonal Fuel Use and Costs

True
True
True
False
True




PRINCIPLES AND PRACTICES OF HEAT LOSS AND GAIN

IP-1. Heat and Mechanisms of Heat Transfer
OBJECTIVES
This instructional package will help you to identify the principles of

heat transfer in the home and small buildings. At the completion of this
instructional package, you will be able to:

A. Define heat.

B, Distinguish and define four transfer mechanisms.

C. Define other characteristics of heat as they relate to the determination
of heat loss in the house,

RESOURCES

The following resource is provided for you to use in attaining the objectives:

Information Sheet IP-1, 1~l through 1-4 - "Heat and Mechanisms of Heat Trans-
fer,"

4 i —————




ACTIVITY
A. Review Instructional Package resources listed below:
1. "Heat and Mechanisms of Heat Transfer"

Determine heat transfer characteristics through an understanding of heat
principles and heat flow mechanisms. '

1. Define in writing the following heat transfer concepts.
1.  Heat
British thermal unit
Conduction
Convection
Radiation
Infiltration
Home heat gain
Home heat loss

Temperature Difference

heat transfer e€quations with related statements.

a. Outside temperature

b. Resistance to heat transfer
€. Total heat loss

d. Inside temperature

e. Heat flow by infiltration

f. Temperature difference

g. Heat flow by radiation

h. <Coefficient of heat transfer
i. Heat flow by conduction

-




Information Sheet 1P—l, -1

"HEAT AND MECHANISMS OF HEAT TRANSFER"

To determine the energy efficiency of a home, through the determination of
energy consumprion, familiarity with the fundamentals of heat and heat transfer
is required. This instructional package will, therefore, be devoted to rhe
principles of heat transfer, their relation to thermodynamics, and their
application to heat loss calculatioms.

Energy can exist in many forms and in fact a system can possess several forms
of energy. You have probably heard of the terms nuclear, electrical, chemical,
thermal kinetic, potential, and so forth; the more or less pure forms of energy.
In a colloquial sense we talk of solar energy, wind energy,go€thermal energy,
ete.

Whenever a temperature difference (A T) exists, energy may be transferred from
the region of high temperature to the region of lower temperature. ' According
to thermo-dynamic concepts, the energy that is transferred as a result of 2
temperature difference is called heat, Q . Heat results from the vibration of
molecules of any substance. The more rapidly the molecules vibrate, the higher
the temperature. Therefore, heat can be defined as a form of energy. Tempera-
ture is intensity, not the quantity of heat.

Energy in transitiomn always proceeds from a state of higher energy to a state
of lower energy. In the study of heat transfer this means that a substance at
température Tj in proximily to another substance at a lower remperature Ty will
transfer energy to the substance at lower temperature. The effect will be to
decrease T) and increase T until the system comprised of both substances is in
_thermal equilbrium., For example, 2 building heated lower than 72°9F will lose
‘heat to the outside when the temperature there is lower than 72 F. In winrer,
heat flows from the warm interior of a house to the cooler exterior; this is re-
ferred to as "heat loss." In summer, heat flows from the warmer exterior to

the cooler interior of 2 house; this is called "heat gain."

In calculating the heat loss of a building, the unit of heat measure known as
the British Thermal Unit (BTU) is used. The BTIU is the unit of measure for
the quantity of heat that seeks an equilibrium of temperature berween Lwo Lem—
perature differences. The BIU is the amount of energy required to raise the
temperature of one pound of water one degree F. Following are BTIU fuel equi-
valents: :




Information Sheet IF-1, 1-2

1 Wooden Kitchen Stick Match = 1 BTU
1 Kilowatt (KW) Hour Electricity = 3413 BTU

-1 Cubic Foor Natural Gas = 1031 BTU .
1 Ton High Volatile Bictuminous Coal = 26,000,000 BTU
1 Gallon Fuel 0il = 140,000 Bru

Why Heat a Home?

With 'the above in mind, think for a moment why houses are heated. To keep .
warm? Not really. After a2ll we normally heat our homes to about 65¢ - 68° F,
our normal body temperature is 98.6°F, so we are actually 33°F or s0 warmer
than our homes. Heating our house to 68°F is certainly nét going fo "warm" us
sine we know hear flows from "warm" T) to "cool” Tp. This should give you the
hint. You see that really we heat our surroundings (unless the ambient air is
much warmer than we are). )

Human beings are "homotherms' which means there is an intermal biological
mechanism that attempts to keep our bodies ar approximately 98°F. We have in
our bodies what is probably ghe most precise thermostar in existence. The
chemical energy in the food we eat is comverted to differenc forms, including
thermal. There is a very narrow range of temperatures in which cthe body can
function properly. More than abour 8°F difference above or below normal for
any appreciable period of time usually results in permanent physiological
damage, even death.

So the reason we heat our homes is to regulate wichin acceptable limits the
loss of body heat to the surroundings.




!P-") 1"3

HEAT TRANSFER MECHANISMS OF HOME REATINGS

We now realize that the real goal in home heating for emfort is
to protect the bhody from excessive heat 1loss to the surroundings.
To heat the house, heat is transferred by one or a combination
of mechanisms; conduction, convection and radiation. S

Heat flow bv conduction {Q¢) is a process in which heat is transmitted
from one part of a body to another part of the same body without any
relative displayment of the parts of the body. by means molecular
vibration. The faster moving molecules in the body creating the
most heat #ive off energy to the adjoining slower moving molecule ,
which in turn move faster. This process will continue until all ;
molecules in the body or adjoining bodies are vibrating at the same '
rate which implies that they will have the same temperatiire. An
gxample of this would be heat applied to a skillet sitting on a

ot stove. . -

You might suspect then that if the molecules are more "tightly packed”
within a material they will come in contact more frequently and
therefore heat transfer by conduction will be greater then for naterlals
whose molecules are "loosely packed"”. This is in fact the case. 3o

in general we can say that materials of high density have high thermal

conductivity.

Based on the above discussion we would guess that the best materials
for home insulation are those with low density. In general, low density
means. & large amount of trapped gas within a material. Generally this
gas is air. The conclusion you should draw is that air is a good

insulator.
Conduction is ‘measured is BTU/HR.

Beat flow bv convection is totally unlike conduction. In this case

the molecules of a fluid {either liquid or gas) pick up heat energy . .
' from a warm surface, carry it with them over a great distance (relative |
0 their exn size), and drop the energy at at cooler surface. If the

cool molecules return for a second trip, we have a convection loop.

' To understand heat by convection, we first understand why fluid molecules
would want tO convect in the first place. Warmer fluid molecules, i
having more energy, require more "personal space” Jpon warming, therefo
fluids expand and vecome less dense. Like hot-air talloons or logs

in the water, they rise. On the other hand, cooling fluids becone

more dense and sink. "Hot air rises, cold air falls™. Convection is

that simple.

Al




Convection would apply to warm air rising in a convection furnace
sys®m, Or movement of air over a hot surface such as a radiator,
or heating element. Convection applications found in housing

may be the air flow concept used in the "envelope™ or double-shell
house, the thermosiph n water flow concept of a thermosiphon water
heater and "convective-loop" created witnin natural convection

- collectors. '

Heat flow bv infiltration (Qi) is a specizl case of convection.

It is the physical replacement of warm inside air by cold outside

‘air {or the reverse in the summer) through cracks and openings in

and around the home. Infiltration losses increase with winds forcing
air into the house. Since heat must be added to the incoming air
continually in order to maintain the house temperature, infiltration
amounts to a rate of heat loss. Infiltration is qualified in either
cubic feet of air per minute {cfm) or total house volume air exchanges
per hour.

Heat flow bv radiation is the movement of heat away from an object
bv means of electro-magnetic waves or infrared rays. This process
does not involve any molecule other than the substance radiating the
heat. It can occur through a vacuum and is the mechanism by which
the heat of the sun is transferred to earth. If you sit in front of
a het stove or fire you will feel the radiated heat. Radiation heat

flow is also the mechanism which makes you feel cold when sitting
next to a window O6n a cold winter day. Since you are warmer than
the window vwour body is radiating heat to the cold body (window).

P
“‘:;
-
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FEEDBACK

Objective A Check:

1. Form of energy that is transferred as a result of a2 temperature difference.

2. Measure of heat energy guantity {BTU required to raise temperature of one
pound of water one degree F).

Heat flow through solid materials.

Heat flow caused by warm air rising and cooler air sinking.

Heatr transfer from one space to another by means of electromagnetic energy.

Physical replacement of warm inside air by cold outside air through cracks and
other openings throughout the home.

Heat transferred from outside of house to inside of house during summer,
Heat transferred from house to outside during winter.

Inside heating design temperature (65-70 F) minus outside winter design
temperature for given area.

Objective B Check:




PRINCIPLES AND PRACTICES OF HEAT LOSSES AND GAINS

Ip-2, Heat Lossf/Gain Equations

CBJECTIVES

This instructional package will help you to calculate heat flow by using
equations that determine residential and small building heat loss. At the
completion of this instructional package, you will be able to:

A. Apply, identify, and describe which formulas are used for deterwmining heat
transfer in buildings.

Write definitions for terms used for determining heat tramsfer in build-
ings.
RESQURCES

The following resource is provided for you to use in attaining the above objec-
tives. ' -

Informafion Sheet IP-2A, 1-8. '"Understanding Heat Losses and Gains in Build-
il‘lgs. "

Information Sheet IP-2B, 1-14& "Special Applications for Estiﬁating Cool Loads
in Buildings. "

These two Information Sheets are found in USBDOE publication Providing for
Energy Efficiency in Homes and Small Buildings, Part II; Determining Amount of
Energy Lost or Gained in a Building, Am2rican Association for Vocatiomal In-
structional Materials, Technical Informationm Center, P.0. Box 62, Oak Ridge,
Tennessee, 1980.




ACTIVITY
A, Review the instructional package resource (IP~2A) "Understanding Heat
Losses apd Gains in Buildings' and (IP-2B) "“Special Applications for
Estimating Cooling Loads inm Buildings."
B. 1Ildentify formulas used to determine heat transfer in buildings.
Explain in writing the following concepts:
1. K Value . "Crack Methed
2. C Value . "Air Exchange Method"
r Value . Sol-Air temperature
R Value : . ETD
5. U Value . te
6. Rt
Match heat transfer equations with related statements.
LaW
.018 (Qi) (& T)
va { T
UA (ETD)

R +R2 + R3 +, ..
- LxWxB

Conduction heat transfer
Total thermal resistance
Area
Infiltration sensible ceooling lead
Volume
Infiltration
U value 1/R
Conduction & Radiation heat qs CD x Cf
transferred X v
Cecling lead i. UA (te-ti)
Air Exchange 3. {Qis)

. s - qi

FM MO AN oD

1.
2.
3.
4.
5.
5.
7.
8.

oW

é;..ﬁmla(s) that does not "fit" wird
PO gees not &
statement. Ry > }g”

izl
. R »
Conduction—Heat Tramsfer

0.018 (Qv) (

AC D
R




"ACTIVITY ({(Continued)

2. Infiltration-heat transfer

A. ti-to J C. q x DD x 24
t
D. .018 (Qi) (ti-to)

B. UA (ti-to)




!D"JA;

Understanding Heat Losses and Gains in Buildings

Heat transfer throogh building sec-
tions is corputed by the use of formulas,
"Once you understand the formilas, it is
a simple matter to substitute the values
and arrive at heat losses or gains.

From your studvy of this section you
will be able to explain which formilas
are used for determining heat transfer

They are discussed under the
following headings:

1. Conducticn Heat Flow Through
Hormogeneous Iaterials.

2. Conduction Heat Flow Through
Composite Walls.

3. Infiltration Heat Losses ar

~ Gains.

4, Ventilation Heat Losses or Gains.

5. Radiation Heat Iosses or Gains.

6. Energy lLosses and Gains from
Pquipment Operation.

CONDUCTION HEAT FLOW THROUGH
BOMDGENEOUS MATERIALS

The fundamental relationship defining
conducvian heat flow through a hamogeneous
solid is the Fourier ecuation:

Conductivity of material (k)

Heat Transfer = x surface area (sq. in.)

- ty)
2be

(Btu/hr) Thickness in inches
X
Temperature Difference

between the sides of the
solids (ty ~ ;) in °F

(t; - t3)

Qr
ka
E-hal e

Where

TIGURE ]

Qe Heat flow by conduction (Btu/hour).

k gucl-_w:l.ty of the material,

B'l:u/hr x ft °F x In.

L = Thickness of the solid in the dixec-
tion of heat flow in inches.

= AT = Temperature difference

the two surfaces of the

solid (°Fi.

A = Area of the solid perpendicular to
the directicn of heat flow.

The terms in equation 1 are illus-
trated in F:.g'm:e[

Ita.smportantthatequaumland
its implications be understcod. Notice
that the heat tragpsfer by conduction
through the material will be small if:

~ A material with a small conductivity
(k) is used.
~ The material thickness (L) is large.
~ The temperature difference {t, - tl)
between the two surfaces i1s kept -
small,
“area (A) of the wall is kept
small.

HOMOGENEOQUS
MATERIAL

A=hb
ac =£LA (t2— tq)

HEAT FLOW BY CONOUCTIVITY

Conduction heat flow

~> definition sketch.

—*ut,




Conduction heat losses in a building
can be minimized by decreasing the
building size, by selecting thick mate—
rials with low thermal conductivities,
and by reducing the temperature difference

between inside and outside air.

The thermal conductivity (k) of a
material 1s a physical property which
is obtained experimentally in the
laboratory. DNote that the conductivity
is based on a material thickness of
unity, or 1 inch. The conductivities
of selected building materials are gz.ve.n
in Table IIIX.

Often, the thermal conductivity (C)
of a material is given for a specified
thickness rather than for a unit B
thickness. Typical cases are g-inch
concrete masonry blocks, or dressed
timber boards. When the thermal conduc—
tivity is given for a specified thickness,
. it is called the thermal oonductance (C).
Typical values of thermal conductance are
also given in Table IV.

When thermal conductances of mate-
rials are used, the conduction heat
transfer equation must be modified
since the material thickness is already
incorporated into the oonducta:me value.
Thus

Thermal
Heat Transfer = Conductance x Area x
(Brw/hr) ©) (a)

Tamperature
Difference

(tz - tl)

% = CA- (tz - tl) 4 & # a (m‘-ﬂtim 2}
where C = thermal conductance, Btu/hr x
- £t x At°F.

Ancther camon way to describe a
material’s ability to conduct heat is
its themmal resistivity (r) and thermal
resistance (R). 4he resistivity is the
Yecy of the conductivity, whereas,
resistance is the reéciprocal of the
conductance. That is, the resistivity
is the material's resistance to heat
flow per unit thickness and the resistance

1P-2A,1-2

is the material's resistance to heat
flow for a specified thickness. Typical
resistances are given for some insula~
tion materials in Table I.
I

Thermal 1
Resistivity =

(r) Conductivity (k)

1l _ Thickness of material
= Conductance )  Conductivity (k)

=1l/k and R=1/C =1/k . . (BEquation 3)

The conduction heat flow ecruation
for a single material can now be
expressed in terms of thermal resistiv-
ity and resistance by:

Conduction Heat Flow = 1l
(Bru-hr) (qc) Resistance (R) ~
_Area (&) (£t%)
Thickness (L) (in) *

Temperature Difference

(tz-t]_)
%L %(tz-tl),and (Equatian 4)
9 = TA (ty ~t)) . . ... (Equation 5)

EAMPIE NO. 1

To illustrate” the use of the conduc-
tion equation, suppose a 4' x 8' sheet
of 1/2-inch thick plywood has surface
tenperatures of 100°F and 70°F. Evaluate
the heat conducted through the panel.

The thermal p_roPert:.es of the ply--
wood ares

-

Kk
c
r
R

C.'II—'I—'C.'I
mlua\
NU1C.'IC.‘I
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The heat conducted in Btw/hour may
be calculated by either equation (1),
2), (4) ar (5}

0.8(4x8) (100-70) _ Btu
FR-Y = 1536 e

1.6 (Ax8) (100-70) = 1536 Btu

qc_lf.n..(gt)=
qc=CA (at)

A

Q= TL (ot) 1.5

4x8

B.655 (100-70)

2, OONDUCTION HEAT FLOW THROUGH COMPOSTIVE
WALLS

If structural components were made
of single hamogeneous materials, equa—
tions (1), ), and (4) would be adequate
to estimate conduction heat flow. Most
wall partitions, however, are composite
walls. That is, they are constructed of
two ar more materials as shown in Figure

a

COMPODSITE WALL

_ A
Qc= R R ity ‘2]

HEAT FLOW BY CONDUCTION

FIGURE & Definition sketch for a
composite wall.

The procedures for estimating heat
flow through a composite wall follow:

The total thermal resistance (Ry)
of the composite wall 1s the sum of the
resistance of each conponent of the wall,
In equation form

Ry = Lk + L/kp

. (Equation 6)

By placing the total the:mal resis-
tance into the conduction equation, the
conduction heat transfer through a
carposite wall is

=11§A(ot) . - + o (Bpuation 7)

Mnﬂmermytownteequauon?ls
to let U= 1/R; then

coefficient, Btu/hr x ft5 x °Fo

When & the overall thermal
resistance of a wall, it is only neces-
sary to add up the resistances of each
caponent in the wall., Fortunately, the
total thermal resistance and overall
thermal transmission coefficients are -
tabulated for many partition construc-
tions.*

*Fram Table V.




The following example will
illustrate how to evaluate overall
transfer coefficients and heat flow
through composite walls.

EXAMPLE NO. 2

Evaluate the conduction heat
transferred through a 8' x 10' wall
section composed of 3/4=-inch wood
siding, 3 1/2-inches fiberglass
insulation and 1/2-inch gypsum
board (Figure R .

Outside temperature (t ) 10°F.
Inside tamperature (1:1._"3> 68°F.

R-Values *

Outside film 0.17
0.81
1.32
11.
0. 45
.68

14.43

NOTE: There is a gmall amount
of resistance due to the air
£ilm on both the outside and
inside surface of materials.

Ge = UA (4t)

Ry = Ro + Rsh + Rwood + Rinsul +
Rgh + Ri = 0.17 + 1.32 +
0.81 + 11.0 + 0.45 £ 0.68 =
14.43 '

Thus U = 1/RT = 1.14.43 ~ 0.069

and gc = 0.069 (8x10) (68-10) =

321 Btu/hr.

IP-EA,I-‘I

%in. WOOD SIDING

3%in. FIBERGLASS
INSULATION

%in, GYPSUM
BOARD

Wi

/ SHEATHING

QUTSIDE
AlR FILM

INSIDE AIR FILM

-t =68°F
t2 =10°F

>~ =

FIGURE 3 Sketch of wall section for
conduction heat flow through a
composite wall.

Using Table V, the gverall heat
trangfer coefficient is U-0.081. The
discrepancy between U calculated
(.069) and U tabulated (0.081) is
that the tabulated velues account for
the difference in thermal resistance
at the studs and between the studs.
The tabulated U—-Value is the weighted
average of the —values at ard
betwesn the studs.

To illustrate the value of
insulation, consider the same
conposite wall, but remove the
3 1/2 inches of insulation. Now
the insulation is replaced by a
vertical air space which-has=a———

. resistance of 1.01 and

Bp= Ry + Reh + Rood * Rair + Ry

0.17 +1.32 + 0

and U=1/R = 1/4.44 = 0.23

0.23 (8x10)

and g, = UA {at)
1044 Btu/hr

(68-10)




Note that by removing the
insulation, the heat flow by
conduction through the wall
increased from 321 to 1044 Btu/hr.
The heat loss increased by a
factor of 2.25. ’

EAMPLE NO. 3

To illustrate the influence of
indoor temperature upon heat loss
fraom a building, consider again the
insulated wall section with U -
0.069. Campare the heat flow
through the wall for an outdoor
temperature of 10°F and inside
temperatures of both 60°F and 72°F.

At 60°F, qc = A {At) = 0.069 (80)
(60-10) = 276 Btu/hr.

AT 72°F, gc = UA {at) = 0.069 {80)
{72-10) = 342 Btu/hr.

.. . By increasing the indcor
temperature fram 60° to 72°F, At
increased and thus increased the
heat loss through the wall by 66
Btu/hx, or by 24%.

PRV ¢
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3. INFILTRATION HEAT IOSSES OR
GAINS

Qutside air enters a residence
through manv unplanned cracks in
walls, doors and windows. This air
movement is called infiltration.
Since infiltration air is seldom at
the tarperature of the air }:nsv:le
the living area, it must be_;wanred
or cooled. This fact of course,
represents a heat loss by the house
during cold weather and a heat gain
by the house during warm weather.

In estimating infiltration heat
flow, it is necessary to estimate
first the wolume, or cubic feet, of
air which flows into the building.
The quantity of air flow is dependent
upon many factors, including the
mamber and sizes of cracks in the
structural components and the out-
side wind speed.

I'P"EH] -5

There are two bhasic methods for
evaluating the infiltration air
volume. One method requires that
the crack widths and lengths and
the wind speeds be estimated where—
upon air flow can be evaluated.
Another method is the air exchange
method. In this method, tabulated
values of the mumber of air changes
occurring per hour are used for
typical residential rooms. Typical
air exchange values are giveén in
Table VI. Note that an air exchange
rate of 1.0 per hour indicates that
the air flow into the room per hour
equals the volume (length x width x
height) of the room.

&

15ft. @

I\
I
re—15fr.——nls 25ft.

FTIGURE 1l1. Plan view for infiltration
volume illustration.

In residential construction the
air exchangarreﬂnd is sufficiently

. accurate roranfiltration volume

calculatlons and is much simpler
than the_ crack 1eng-th and width
method. Thus, the air exchange
method will be used exclusively in
this text;

EXAMPLE NO. 4

To illustrate the air exchange
rethod, estimate the infiltration
air wolume for the simple house
plan show in Figure 11, if the
ceiling height is 8 feel:and:.fthe
windows are not weatherstripped or
storm sashed.




The infiltration air volume for
each room is estimated by the
formala:

Infiltration volume = Q = Air
exchanges x room volume™
- Por room (1): Q. = 1.5 (15x15x8)
= 2700 cu. £
For room (2): Q. = 1.0 {15x20x8)
= 240Q cu ftA
For room {3): Q.
= 8000 cu £
For whole
house: Q3 = 2700 + 2400 +
8000 = 13, 100 cu ft/hr

= 2.0 {(20x25x8)

Once the estimate of the volume
of infiltration air is obtainegd,
the energy required ¥o heat or cool
the air to the temperature of the
living area can be calculated by
the formula:

= (0.018) Qi (to - ti) . .

(Equation 10}

Infiltration heat losses can
row be illustrated by considering
the house in Figure 11 and equation
10. The infiltration heat loss will
be calculated when the outside
temperature is 10°F and the living
area tamperature is 65°F.

q; (0.018) Qi (to - ti)
0.018 (13,100) (6510}
12,970 Btu/hx
Notice that by weatherstripping
the windows or adding storm windows,
the infiltration heat loss could be
reduced by 1/3, or

. = 2/3 (12,970) = 8,650 Btu/hr

|P~2A, I-6

VENTILALION EDAT LOSSES OR
GAINS

The heat losses and gains due
o ventilation air are evaluated in
the same manner as infiltration heat
losses and gains except the volume
of air entering the bullda.ng is
different.. That is

Gy = 0.018 (Q,) (At} . . .

(Bquation 11)

where q, = ventilation heat loss
or gain, Btu/hr
Qv ventilation air volume,
cu fr/hr

The ventilation air volume for
residences 1s usually very small as
compared vo infiltration air volume.

Table VIT gives typical venti-
lation air volumes.

In most single family residences
the air exchange cbtained by infil-
tration satisfies the ventilation
requirements. If this is the case,
the ventilation heat loss or gain is
taken care of in the infiltration
heat loss caloulation. If supple—
mental ventilation is provided,
simply determine the volume of air
introduced by the ventilating fans,
%[, and substitute Q, into Equation

5. RBDIATTION EEAT LOSSES OR GAINS

Radiation heat flow is far more
important in cooling applications
during warm weather than in heating
applications during cold weather. .
Thus, our primary concern will be to

.estimate solar radiation heat gains

during warm weather.




Solar radiation heat gains in
residences may be conveniently
divided into two categories:

a. Opaque Exterior Surfaces.
b. Windows and Transparent
Surfaces. .

a. Opaque Exterior Surfaces

When scolar radiation strikes a
building roof or wall, it increases -
the temperature of the building =~
surface to a level above the out-
side temperature. The increased
surface temperature thus changes
the termperature difference between
the inside and outside wall surfaces.
Recalling the conduction heat :
transfer equation, q_ = Ua (t_ - ti).
an increase in £t wo dincregse
the conducticn t transferred
through the wall or rcof.

A convenient method for account-
ing for the sclar radiation heat
load in a building is to use an
equivalent air temperature called
the sol-air tamperature. Sol-air
tamperature is the egquivalent out-
door air temperature which would
vield the same heat transfer through
a wall by conducticn alone as that
transferred due to the conduction
heat transferred under the actual
outdeor , temperature and solar radia-
tion. By using the sol-air tempera-
ture, t, instead of the actual
outdoor temwerature, t , the combined
conduction and radiatiSn heat trans-
ferred through cpaque surfaces is
estimated by equation (12):

G = UA (£, - t;) . . (Hquation 12)

The design sol-air tamerature
is dependent upon the solar radia-
tion intensity. Thus, sol-air
tamperatures are dependent upon the
time of the year, geographical
location, the crientation of the
surface (N, 5, E, W), the inclina—
tion of the surface (horizontal or
verticall, and the color of the
wall., The wall ocolor is significant

| P-2A, 1= 17

since dark colored walls absorb
larger quantities of solar radiation,
whereas lightly colored walls tend
to reflect a large portion of the
incident solar radiation. Typical
values of sol-air temperatures are
given in Table VIII for a latitude
of 40°N on July 21.

Table VIII illustrates vividly
the effects of surface oler,
orientation and inclination upon
sol-air temperatures. For example,
at solar noon, when outside air
tawerature equals 90°F, sol-air
tamperatvres of vertical surfaces
varied f.uoa 96 to 112°F dependent
upon ¢+ 2 zation. At the same time
the ¢+ nolored vertical surfaces

_expe ‘] sol-air temperatures

betr + 42 and 134°F. Comparison
of 1o emperatures for hori-
surfaces at solar rnoon
.es a difference of 172-127°F,
?, hetween dark and light
»d <urfaces.

. PLE NO. 5

Estimate the total heat trans-
ferred through an 8' x 10' vertical
wall section at ¢ p.m. on July 21.
Assume the wall has an overall heat
transfer coefficient of 0.02, west
facing orientatien, is lightly
olored, and is located at 40°F
latitude. Also assume an inside
air temperature of 75°F and an
cutside air temperature of 94°F.

Gop =B (te - Y) :5'
0.02(8x10) (1;51-75)

q., = 89.6 Btu/hr




b. Windows and ‘'iransparent Surfaces

Solar radiation affects the heat
gain through transparent surfaces in
two ways. First, the combined
conducticon heat transferred is
increased by the surface heating of
the cutside cof the glass. Thus,
the heat transferred by corduction
is a function of the difference
bétween sol-air temperatures and
inside air temperatures. Sec.nd,
is the solar heat gain inside the
room by transmission. In summary,
the total heat gain through glass
areas egquals the heat flow due to
indoor-outdoor temperature differ-
ences plus the radiation transmitt--4
through the glass.

The heat gain due to conduction
is dependent upon the sol-air
terperature, the indcor temperature,
the gverall heat transmission -
coefficient of the glass and the

[P~2A, -8

glass area., The solar heat gain
by transmission is dependent upon
the intensity of solar radiatiocn,
the crientation of the glass area
vith respect to the North, the
degree of shading and the trans-
mission coefficient of the glass.

6. ENERGY LOSSES AND GATNS FROM
EQUIPMENT OPERATICHN

Heat is given off by many
appliances and equipment, such as
refrigerators, stoves, washing
machines, dryers, freezers, dish-
washers and lighting fixtures.
This energy should be considered as
advantageous to heating and may
even reduce the size of your
heating system. On the other hand,
heat producing equipment adds to
the cooling load.




+ - exchange; and (4) .
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Special Applications for Estimating Cooling Loads in Buildings

Cooling loads in buildings differ
fream instantaneous heat gain calcula-
tions hecause of flywheel effects.
That is, some of the heat gained
during the hottest portion of the day

1. COOLING LOAD DUE TO HEAT GAIN
THROUGH vALLS, FLOORS, ROOFS
2D CEILOGS . -

The cool:i.ng- load due to heat gain

is stored in the building furnishings, = through structural camponents may be

walls and partitions and need not be

removed until sametime later when
the outdoor temperatures are lower
and the instantaneous heat gain is
smaller. Nunerous techniques have
been devised to account for this
flywheel affect when calculating
residential oooling loads.

Cooling loads are estimated by -
evaluating sensible cooling loads
due to: (1) heat gain through
floors, walls, ceilings; (2) windows:
(3) infiltration and ventilation air
Then

the latent cooling t
required to control and remove.
excess moisture) is evaluated. A
rule of thumb is to assume the
latent cooling load is 0.3 times
the sensible cooling load.

To help you understand the
difference between heating loads
and cooling loads, discussion
1s given under the following
headings:

1. " Cooling Load Due to Heat
Gain Through Walls, Floors,
Roofs and Ceilings.

Cooling Imad Due to Windows.

Cooling Ioad Due to
Infiltration.

Cooling Load Due to Occupancy.
Latent Cooling ILoad.

Total Cooling Load.

~Zalculated by using an equivalent

difference between the inside and
outside temperatures in place of the
actual indoor-outdoor temperature
differences. Typical values of
Equivalent Temperature Differences
(ETD) are given in Table XVi. The
ETD takes into account such factors
as sol-air teamperatures, construction
type, themmal flywheel effects, and
daily temperature ranges, and outdoor
design temperatures. The cooling
load due to structural camponents is
cbtained using eguation (13):

Ios = WA(ETD) . . . Equation (13)

To entexr the table of ETD's, one
mist obtain both the outdoor design
temperature and the range of daily
temperatures for the bullding site
(Table II). EID's are given in 5°F
increments of design temperatures
£ran 85°F to 110°F (Table XVI).
‘Daily tenperature ranges are given
for 3 conditions: I{(0-15°F),
M{15-25°F), and H{over 25°F). EID's
for design temperatures not listed
can be obtained by adding 1°F to
the tabulated value for each degree
increase in design temperature. For
this problem, walls are all assumed
to be dark walls in Table XVI.
Roofs, on the other hand, may be
either dark or light colored.




2. CQOOLING LOAD DUE 70 WINDOXS

The equivalent temperature
difference concept has also been
adopted to simplify cooling loads
due -to heat gains through window
areas. Typical values of equivalent
tamperature differences (EID) are
given in Table XVII. The EID's are
given for 4 types of glass (regular,
single glass, regular double glass,
heat absorbing double glass, and
clear triple glass, 6 design tempera-
tures (85 to 110°F), for 8 campass
points (N, S, E, W, etc.), and for 4
window treatments (no drapes,
draperies, roller shades, and
awnings). The ETD's are based-upon
an indoor temperature of 75°F.

The cooling load for windows is
then calculated using equation 13,
as was done for walls.

Permanent shades, such as over-

hangs, will reduce the cooling load

due to windows. Shaded windows are
considered as North-facing windows
to get ETD's. Most permanent shades
will shade only a portion of the
window area. Thus, it is necessary
to determine the extent of shading,
or the shade line, for each window.
Table XXIII gives typical shade line
factors for several latitudes and
window orientation. The shade line
will extend dowrward over the
shaded wall for a distance equal to
the shade line factor (fram Table
XVIII) times the overhang width.

The shaded porticn of the window is
then assumad to be a North-facing
window for its ETD while the orienta—
tion of the remaining portion of the
window is not altered for its ETID.
Note that NE and W facing windows
are not effectively protected by
vermanent shades.

IF’-EB ;’-2

3. CQOOLLIG LOAD DUE TO INFILTRATION

Infiltration and ventilaticon-air-—- — —.

exchanges are smaller in warm weather
than in cold weather. The infiltra-
tion and ventilation cooling loads
given in Table XIX reflect this
difference. Infiltration cooling
loads are obtained by maltiplying

the area of the exposed wall area
times the factor given in Table XIX
for a specific design temperature.
Ventilation cooling load is calculated
by multiplying the factor in Table
XIX times the cfm capacity of the
ventilation fans., Most residences do
not have mechanical ventilation
systems and rely upon infiltration
for their ventilation.

4. CQOOLING LOAD DUE TO OQCUPANCY

The ocooling load due to occou-
pants and appliances is usually
approximated. The load per occu-
pant is approximately 225 Btw/hr
and the numoer of occupants may be
estimated at twice the number of
bedrocms unless a lot of large
group entertaining is anticipated.

The aooling locad due to appli-
ances in most residences can be
limited to the kitchen and estimated
at 1200 Btu/hr.

5. IATENT OOCLING LOAD

The latent cooling load may be
estimated at 20 to 30% of the

© sensible cooling load.

6. TOTAL COOLING LOAD

The total cooling load is the
sum of the sensible oooling load
through” the structural camponents,
windows, infiltration gains, ooccu-
Pancy gains, and moisture removal
{latent cooling lcad).
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TABLE I. APPROXIMATE THICKNESS OF INSULATION FOR THERMAL RESIDENCES, IN.
(Reference, Cooling and Heating Load Calculation hhnua;,
ASHRAE, 1979, Table 7.5, Page 7.21) ‘

Batis or Biankels Lovse Fill Buards and Siabs

Thermal _

Resistance Glass Rock Rock Cellular
of Inwiatlon Flber Wool . Wool Cellulosic Polyurethane Glasx

R-7 211410234 2103 1 2508
R-11 3172104 4 13/4 414
R-13 358 4105 2 5

R-19 5106142 6to7 3 7144
R-22 61/2 T8 - 312 N3
R-30 91.2tw1vl.2 Wto 11 4114 13s
R-38 121013 131014 10t 11 5 14 1;2

ER

Aruntoxt provided by Eic
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TABLE II. OUTSIDE DESIGN TEMPERATURES AND HEATING DEGREE-DAYS
(65°F BASE) FOR DIFFERENT LIMATIC LOCATIONS
(AMapted from Cooling and Heating Load Calculation Mawual,
ASHRAE, 1979, Pages 2.3 and 7.16)

State tiinter " Summer

and Design Design Cry-3ulh and ¥ean Heating
Station Ory-3Julb Hean Zoincident Yet-Rulb Daily Degree
_ 99% . 97.5% 1% 2,5% 5% Rarge Days

ALATAMA
Huntsville AP 3 16 a5/75 9z/7  91/7% 3,070
Mobile .AP .29 95/7? 93/77  91/76 $ 1, 560

ALASYA )
Fairbanks AP (S) -is7 p2/é2 /60 75/59 14,279
Kodiak 13 69/ 5% 65/36  62/55

ARIZOMA :
Flagstaff AP 4 Ahfss 2z/s5% 30/54 7,152 .
Phoenix AP (S) 109/71r  w0?/71 105/71 - 2 1,765

ARKAESAS
Fayatteville AP . 97/72 ot /73 92/73
Little Pock AP (8) 59/76 Q6/77  ouf77 3,219

CALIFCRNTIA
Los Angeles AP (S) 33/€8 B0/6R  77/67 2,061
San Francisco AP 32/6u 77/63 73/62 3,001

COLORALDQ

Denver AP 93/59 91/59  89/59 6,283
Leadville RLf52 n/s 78/

ZONNSCTIZUT
3ridgport AP ‘ R&/73 Ref71 81/70
wWaterbury anf72 asf71  Q22/70

DELEWARE ‘ '
Dover AFR 92/75 50/75 R7/74
¥ilmington AP 92/ 74 Ref74  87/73

D.C.
Andrews AF3 92/75 90/ 7k 37/73
Wash Mat AP 93/75 G1/76 9/




TRELE II (Continued)

Summer
Dasign Dry-3ulb and
Fean Coineident “et=3ulb
1 2,5 2

FLORIDA

Gainesville AP 95/77 93/77  92/77
Miamy AP (S) 90/77  89/7?
Tallahassee

GEORGIA

Atlanta AP (S) 92/7  90/73
‘Aayeross ; oul77 91/76
Thomasville :

YAWATT :
Yonolulu AP 86/73  85/72
Wahiawa gsf72 8472

IDANHO .
Soise AP (S) ou /64 91/é4
Idaho Falls AP 87/61 8i /59

ILLINOIS

Carbondale 93/77 90/76
Chicago, C'Hare AP 89/74 R6/72

INDTAMA
Fort ‘Jayne AP 89/72 ’7/72
Indianapolis AP (S) 90/?4  87/73

IO
Des “oines AP 91/7% 88/73
“Jaterloo . 89/75  BE/7H

VALSAS

Vanhattan, :

Tort Riley (S) ' 95/75  92/74
Wichita AP 7 98/73  96/73

FENTUCEY
_ Lexington AP s 91/73  88/72
© Louisville AP 93/74%  90/7%

LOUISIANA
Natchitoches 95/77 93/77
Yew Orleans 92/74 90/7?
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Table II (Continued)

State ‘Anter Summer
and Cesign Design Dry-Tulh and Mean Yeating
" Statior Drv-3uln Mean Colincident fet-Tulb Daily Degree
997 37.57 1+ = 2.5% 5% Range Days

VATV .
Caribou AP ($) A1/67 73/66 9,767
Lewiston 8 R5/70 R2/68%

YAIVLAND ,
Saltimore CO ‘ 89/76 872/75 3,111
Frederick 2 91/75 RRf 74

YASSACHUSETES )

Rostor AP (§) BR/71  8s5/70 5,634
Springfield,

“lestovar AF9 a37/71 84 /69

NIZHIGAY
Detroit 38R/ 72 86/ 71
Sault Ste.

¥arie A (S) s { 81/69 77166

YIVRESCTA

Intn®1 Falls AP 23/€8 80/66
¥imneavolis,

St. Faul AP , 29/73 36/71

»ISSISSIPPT

3iloxt,

¥eesler A3 . 92/79 90/73
Tupelo /77 92/76

VISSOURT _
¥ansas City AP 96/ 93/7h
St. Louis AP /75 9174

TONTANA : -
Jozeman 87/60 84/59
*issoula AP a88/61 35/60

NERBASKA
Tincoln 2C (S) 95/7 92/
Cmaha AP _ 91/?75  8R/7%

NEVADA -
Las Yezas AP(S) 106/65 104/65
Pero AP (S) g2fé0  90/59




Table II {Continued)

Summer
Lesign Dry-Julb and
Vean Coincldent et-Bulb
iTe 2.5¢ 5%

WEW JSAMPSHIRE
¥eene 90/72 R?/70 83/69
Portsmouth,

Pease AF3 90/73 85/71  83/70

RES JE2SITY

YEW MEXICC '
. Albuguerque A®(s) ob/61
Raton AP 39/69

NEW YORX ‘
NYC=Yennedy AP 87/72
Mica 85/71

MORTY CAROLINA
Asheville AP 87/72

Paleigh/ -
Durham AP (S) , 92/75

NCRTH DAXOTA

C{IO0
Cinecinnati CO
Cleveland AP (3)

OYLATONA

Lawton AP

Oklahoma ity
AP (8)

CRYGON
Pendleton AP
Portlard AP

PENESYLVANIA
Paliladelphia AP
LPittshurgh AP

RHODE ISLAND
Newport (S)
Providence AP




Table II {(Continued)

State “finter Summer

and Desien Design Dry-dulk arl Hean Heating
Station ory-"ulb Yean Coincident Wet-3ulb Daily Degree
9%% 97.5% 1% 2.5% 5% Range Days
SOUTI CARCLINA
Sreenville AP 18 22 93/74 91/7  89/7u 21 2,980
Svartanbure AP 18 22 93/ 74 91/7  89/7s 20
SCUTY DAKOTA .
2rodkings -17  -13 $5/73 92/72  R9/71 25
Rapid Citvy AP (S) <11 - 7 95/66 92/65  89/65 28 7045
ZIYKTSSET )
Ynoxville AP 13 19 /7 02/73  90/73 21 3,454
Vemohia AP 13 18 98/77  95/76  93/76 21 323 -
TTYAS '
Amarillo &P 6 11 98/67 95/67 93/67 26 3,985
Tallas A2 18 22 102/75  100/75  97/75 20 2,363
Joustor CC - 8 33 97/77 95/77  93/77 18 1,278
wrAR |
Loean -3 2 93/62 91/61  88/60 33
Salt lake City
AP (s) 3 8 97/62 96/62 92/61 32 6,052
VERMOUT
Rarre =16 -11 T 8kin 81/69 73/63 23
Turlinetor AP (S) -12 -7 Qg /72 85/70  R2/69 23 8,269
TIGINIA
Lorfolk AP 20 22 93/77 91/76  89]76 18 3,521
Roaroke AP 12 16 93/72 91/72  8’/71 23 4,150
CWASMINGTCON
Seattle-Tacoma
2 (8 21 26 U fEs f0/64 76/€2 22 5,145
Sookane AP (S) -é 2 93/68 90[63  87[62 28" 6,655
WEST VIRGINIA \ :
Yorgahtewn AP b 8 90 /78 87/73  85/73 22 4, 500
heeling 1 5 89/72 36/71 8470 21
WISCORSIY -
Ashland =21 =21 85/70 82/6R 79/66 23 7,635
14 lwaukee AP -5 -4 90/ 74 87173 Ruf71 21
HYOHING
Cheyenne AP -9 -1 39/53 A6/58 84/ 57 30 7,381
Laramie 4P (S) B 84 /56 81/ 5% 79/55 28




TABLE IIT. CONDUCTIVITY OF SOME
BUIIDING MATERIALS ‘
(adapted from Cooling and Heating Load
Calculation Manual, ASHRAE, 1979,
Page 3.4)

Conductivity
(k)

Hardboard, Medium Density .73
Particleboard, Medium Density .94
Polystyrene, Smooth Skin .20
Glass Fiber, Organic Bonded .25
Wood, Medium Density 1.49

N
.—-\‘h

TABLE IV. QONDUCTANCE OF SOME
BUTLDING MATERIALS
(Adapted from Cooling and Heating Load
Calculation Manual, ASHRAE, 1979,
Page 3.4)

Thickness Conductance
(in)




o

TABLE V. QOEFFICIENTS OF HEAT TRANSFER (U) THROUGH FRAME WALLS*
* (Reference, Cooling and Heating ILoad Calounlation Manual,
ASHRAE, 1979, Table 3.2A, Page 3.8)

Tiese TaprwMuiaents are Supreased in Bt per Dotr] faguase oot} [depree Fabtenbeit G faance in tempesaturye botween the
ant oty Uhe g 3bilen), Al afc P! onoan oty witd s oy of 15 mph g Flest Capazng Umits are 1nc1i- 1

Replace Air Spuce with 3.5.in. R.) 1 Blnket Inculxion (New 1tein 4) ) . 5
) Resistance (R Heat Capacity
. Between Al Between At Retween
Construclinn Framing_ Framing | Framing  Framing Framing
i. Outside surface (1S mph wind) . 0.7 a.17 0.7 0.7 -- ..
2. Siding, wo00d, 0.5 in.x 8 in. lapped-{awerage| 0.8 0.8} 0.81 0.8 0.47 o
3, Shearhiang, 0.5-in. asphalt itipregnated i.32 1.32 1.32 1.32 0213 0.23
4, Nonreflective air space, 3.5 in_(50 Frean; 10deg F
temperature dil rerence) 1.01 — 11,00 - - ne
5. Nominal 2.in. % 3.in. wood stud —-— 4318 -— .38 - —
6. Gypsutn wallboard, 0. in. 0.45 0.45 0.45 0.45 0.5¢ 0.51
173 4547 7, Inside surface (34l 2ir) 068 . 0.68 0.68 0.63
Toral Thermai Resistance (R) ..... ... Creivreeees R4 44 R,=781 [R>14.33 R=71R1 1.23 1.32 .
Comstruction No. 11 U, = 1/4.44=0.225; U,=1/7.81 =0.128, With 20% {raming (typical of 2in. x d-in, swds @ 16-in. 0.c), U, 0.8 i .

(0.225) + 0.2(0.128) = 0.206 (See Eq 9}
Construction No. 2: U, = 1/14.43 = 0.069: U, = 0.128. Wirh framing unchanged. £/, = 0.8{0.069) + 0.2¢0.128) = 0.081
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TABLE VI. AIR EXCHANGES IN RESIDENCES FOR TYPICAL DESIGN CCNDITICNS*'
(Adapted from Tables 7.11A and 7.11B, Cooling and Heating load
Calculation Manual, ASHRAE, 1979, Page 7.23)

Type Room Changes/Hour

Room w/0 windows or exterior doors

Roams with windows or exterior doors on cne side
Roams with windows Or exterior doors on two sides
Rocms with windows or exterior doors on three sides
Entrance halls

*se 2/3 of tabulated values for weatherstripped windows Or storm sashes.

TABLE VII. RECOMMEMNDED VENTILATION AIR VOLIME FOR
SINGLE FAMILY RESIDENCES
(Mdapted from Cooling and Heating Load Calculation
Manual, ASHRAE, 1977, Page 5.12)

Venttlation Air Per Occupant’
Minimmn Recammended
(cu ft/min) (ca £t/min)

General living areas:
bedrcom, utility areas 5.
0

0
Kitchens, hathroams 20.0

TABLE VIII. SOL-AIR TEMPERATURES FOR JULY 2] AT 40°N LATITUDE
(2ddapted from Fundamentals Handboook, 1977, ASHRAE, Page 25.5)

Air Light Surfaces Dark Surfaces
Time Tenp. N E S W HOR E S W

74 74 74 67 74 74
77 83 81 96 151 96
90 112 97 127 104 -
94 100 131 113 168 -
85 85 _85 78 85 85
77 77 1170 - 77 77

83 89 91 91 100




1P-28,/-12

TABLE XVI. DESIGN BQUIVALENT TEMPERATURE DIFFERENCES
(ETD} FOR WALLS, CEILINGS AND FLOORS
(Reference, Cooling and Heating Load Calculation Manual,
ASHRAE, 1979, Table 7.8, Page 7.22)

Hesizie Temperature, Jex F 5 90 93 ' 100 I05 l II]
Druily Temgperature Range = L M L M ] I M H M H It H
WALLS AND DOORS .
. Frate and vencer-on.frame 176 136 [ 226 186 136 | 2746 236 186 | 2R& 234 {2x6 | 3VA
2. Masonry walls, B.in. blnck or brick 0.3 63 [ 153 112 63 | 263 163 U1 ;X3 163 | 213 | 263
3. Pactitiuns, {rame 2.0 50 140 00 50| 190 150 100 | 200 150 |2un | 250
masanry 25 0 75 s 0 125 835 351135 g5 | VS| ks
4, Wood dours 176 136 [ 226 186 136 | 276 234 136 | 2846 236 | 2i4 " EAYA
CEILINGS AND ROOFS®
I. Ceilings under nuturally vented attie !
ot vented flat coof—dark B0 40 [40 90 0 | 450 440 900 [ 490 480 | va | S
—light 0.0 260 | 350 3.0 260 | 40.0 360 310 | 41D J6 | 4] 968
2. Buile-up roof, no ceiling—dark IO Mo [430 390 MO | 480 430 390 | 190 420 | 400 | 530
—=light D0 260 | 350 o 26001400 360 NO 410 360 ] 3.0 | 460
. Ceilings under unconditionsd rooms 9.0 5.0 | 140 100 504190 150 100 ) 200 150 {3 | X
FLOORS
13 Gver ynconditioned rooms 90 50 | 180 100 501190 150 100 | 200 150 o | 250
2, Over basement. enclosed erawl space -
or concrete sfab on grouad 0 0 0 0 0 0 0 0 0 0 0 0
3. Over open crawl space 95 S50 |40 M0 S50} 190 130 0O | 200 50 M0 | 50
* Daily Temperatitee Range )
L (l.ow} Caleulation Value 12 deg F. M {Medivm) Calcutation Value: 20 deg F. H (High} Calculation Value: 30 deg F.
Applicable Range: Levs-than IS deg F_- Applieable Range: [5to 25 deg F. Applicable Range: More than 25 deg F.

* Ceiling and Roofs: For roofs in shade, 18-hr averags = 1 deg temperature differeniial. Av 90 deg F design and medium daily range.
equivatent temperature differential for light-colared roof equals 1) + (0.71)(39 ~ §1) =3] deg F.
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TABLE XVII. DESIGN COOLING LOAD FACTORS THROUGH GLASS (ETD)
(Reference, Cooling and Heating Load Calculation Manual,
ASI'IRAE; 1979[ Table 7-6' Pwe 7.21)

Qutdoor Kepular Single Glass ) Regular Double Glass tHleat Absorbing Double Glass F lear Triple Glass
Design Temp 90 95 100 105 LI035 %0 95 100 105 ({085 90 95 100 1S IIDI 85 % 95
No Awnings or inside Shading

North 27 03 Y 3% 48 (19 21 24 26 2 M2 4 17 13 A ] 17 19
NE and NW 60 62 68 72 TP 146 48 51 M) % 521 P9 N MO 8] 42 4
East and West 85 89 91 97 102 (68 W T I 7T W 42 &4 47 B 53] 62 63
SEand SW 74 78 82 86 91 |59 &1 64 ah BN MW | IS IT ap 42 44 4e; 53 58
South 44 48 52 56 &L |33 35 38 40 42 44419 20 24 26 2 30| ¥ M
Horiz, Skylight 164 168 172 176 139 141 144 146 148 150 {89 91 94 96 126 127

Draperies or Venetian Blinds

North 19 23 27 31 12 14 17 19 2 e i1 K116 iz
NE and NW A 40 =4 48 7 P 32 34 6 Mg 2B W o
East and West 52 56 60 64 42 44 47 49 5t 537130 32 35 W i3 e
SE and SW 44 48 52 56 35 37 40 42 4 461 B D 31 32 03
South T 3t 3% 39 20 2 B3 % N |15 2z, 18 19

Rolier Shades Half-Drawn

North 2 0w W wM 15 17 20 22 24 2610 12 1?7 13 14
NE and Nw 4 43 52 56 3 40 43 45 47 40 (24 % 3 3435
East and Went 65 6% 73 M 4 % 59 6l 63 6535 31 42 49 49
SE and SW 6 64 68 46 48 St 3 55 $7 30 32 k) 4 42
South 33 37 at 45 27 % 32 3% 3% MiE 25 25 26,

Awnings

North % 12 36 13 15 18 20 22 2410 12 n o1z
NE and NW 29 33 37 4% 19 2 3 2811 13 1z 13
East and West I 3 38 14 16 19 21 33 12 M4 12 12
SE and SW 29 33 37 14 16 19 2 1 B I3 12 13
South 2 32 36 1301 18 2 22 1@l B TR}
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- : TABLE XVIII. SHADE LINE FACTORS
FOR WINDOWS
{Reference, Cooling and Heating Load
Calculation Manual, Table 7.7, Page 7.20)

Direction N Latitude, Deg
Window
Faces 25 » as 40 45 S 55

awez Erw 0.8 0.8 0.8 0.8 08 0.8 038
SE/Sw | 19 16 4 1.3 1. 10 0.9
S 10.1 5.4 3.6 2.6 20 1.7 t4

Note: Distance shadow line falls below the edge of the overhang
equals shade fine factor multiplicd by width of overhang. Values are
averages for $ hr of greatest splur intensity on August 1.

TABLE XIX. SENSIBLE COOLING LOAD DUE

TO INFILTRATION AND VENTILATION
——— - ————(Reference ; Fundamentals Handbook,_.
ASHRAE, 1977, Table 38, Page 25.41)

DesignTemperature, ¥ 35 90 95 100 105 119

Infintration, Bruh/ft2

of grossexposedwallarea 07 (.1 1S5 19 12 26
Mechanical  ventilation.

Btuh/cfm 110 160 220 210 320 33.0




FEEDBACK

Objective A Check

l.

Thermal conductivity/coefficient of conductance/refund to
amount of heat that will pass through one ft2 of homogeneous
material one inch thick, in an hour, for each degree fahrenheit
of temperature difference between the two surfaces.

Thermal conductance/coefficient of conductance/referzed to
amount ©of heat that will pass through one ft2 of a specified-
thickness rather than for a unit thickness of one inch, in
one hour, for each degree fahrenheit of temperature difference
between the two "surfaces: -

Thermal resistivity/reciprocal of thermal conductivity (K}/
materials resistance to heat. How Per unit (inch) thickness.

Thermal resistance/reciprocal of thermal conductance (C)/
materials resistance to heat flow for a specified thickness/
the larger the "R" value the greater the thermal resistance.

Coefficient of tranSmission/reciprocal of the total thermal
resistance {(RT}/ amount of heat expressed in BTU's that will
pass through a combination of materials and air spaces.

The resistance to heat transfer through a combination of
materials and air spaces. (Sum of the resistance of each
component of a material (such as a well section)).

Method to determine air infiltration whereby window, door,

crack widths arzd lengths and the wind speeds can be estimated where
upon air flow (infiltration) can be evaluated.

Method to determine air infiltration, tabulated by estimating
the number of air changes occurkting per hour, per room volume.

Qutdoor ambient temperature plus solar radiation intensity
factor/te/replaces to value when determining ger.

Equivalent Temperature Differences/ETD takes into account such

factors as sol-air temperatures, conduction type, thermal fly

wheel effects, and daily temperature ranges, and outdoor.design
j to determine

temperatures used in equation qus = UA (ETD
cooling load due to heat gain .

Symbol for sol-air temperature.




FEEDBACK {(Continued)

Qbjective B Check:

QWO =W L
ot Cma O
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PRINCIPLES AND PRACTICES OF HEAT LOSSES AND GAINS

Ip-3. Seasonal Fuel Use and Costs

OBRJECTIVE

This instructional package will help you to determine seasonal fuel use and
costs of a home or small building. At the completion of this instructional
package, you will be able to:

A, Identify, describe, and apply a formula for determining seasonal fuel use.

B. 1Identify, describe, and apply a method for calculating seasonal fuel cost.

RESOURCES

The following resource is provided for you to-use in attaining the above
objective:

Information Sheets:

IP-3A, 1-3 "Predicting Seasonal Fuel Use and Costs"

IP-3B, 1-6 "Estimating Seasonal Fuel Heat Loss"*

#This information can be found in USDOE Publication Providing for Energy Effi-
ciency in Homes and S$mall Buildings, Part II; Determining Amount of Energy
Lost or Gained in a Building, American Association for Vocational Instructional

Materials, Technical Information Center, P.0. Box 62, Oak Ridge, Tennessee,
1980.




ACTIVITY

Review instructional package resources'Predicting Seasonzal Fuel Use and
Costs" and "Estimating Seasonal Heat Loss."

Estimate the amount of fuel and cost for a heating season 2fter determin-—
ing heat transfer specifics of a building.

Analyze and explain in writing two equations for calculating seasonal heat
lost. - )

Equation A.1 = H = 24hd {ti-ta)
ti-to

Where H =
Where h =
Where ti
Where to
Where 24
Where d =
Where ta

A.2 - qs=4qg xD x 24
AT

II. Write the equation for determining seasonal £fuel use.
1. Equation for determining seasonal fuel use.

Example (Use Natural Gas as Fuel)

III. Describe in writing and by example the procedure for determining seascnal
fuel costs.

l. Procedure for determining seasonal fuel costs.

2. Example (use natural gas as fuel and result example from previous
activity - III).
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ESTIMATING SEASCNAL HEAT IOAD

The procedures described and
illustrated thus far allow conputa-—
tion of the heat loss from a building -
when the outdoor temperatures are at
the design, or some other ific,
temperature. This occurs for only a
few hours, or instants, during the
heating season. The seasonal heat- -
ing load can be estimated by evalu-
ating heat losses on an hour by hour
basis. However, this procedure would
be too time consuming, Instead, an
approximate method known as the
Degre=~Day Method has been recommended
by ASHRAE for predicting seasonal
heat losses and fuel consumption.

The Degree Day Method estimates
seasonal. heating lcads by assuming
there is no heat loss or gain when
the outdeoor temperature is 65°F and
then predicting from weather data the
nurber of hours in the heating season
for which the ocutdoor temperature is
below 65°F. The total nuwber of
hours for which the outdoor tempera—
ture is less than 65°F is called the
number of Degree Days for the
builiding location. The number of
degree days is dependent upon climate,
Typical values are summarized for
several locations in Table II.

The seasconal heat loss is esti-
rmated by the equation:

gxD=x24

95™=""At

vhere qg seasonal heat loss, Btu

g heat loss at design

temperatures, Btu/hr

D = mumber of degree days, F.
days
design temperature differ-
ence, °F
24 hour day

At

24

285
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To estimate the fuel consumption
during a2 heating seascn, the heating
value of the fuel and several
efficiency factors must be applied
to the seasonal heat leoss value,

g
. X
E-_-.quD cP
Y XV
where E = seasonal fuel or energy

onsuption

Cp = correction factor heat
loss differences

Cp = correction factor for

partial loads for fuel-

fired systems. (Use 1.0

for electric resistance

heating.)

Yy = rated full load efficiency
of heating equipment
(decimal valusj.

v = heating value of fuel in
units consistent with
E and q.. (Btu/gal,
Btu/cu.” ft, Btu/kwh)

Suggested values of i% and Cp are
found in Tables XIV and XV, Full
lcad efficiencies are usually between
70% and 80% and are available from
manufacturers.

SERSONAL HEAT LOAD
ESTIMATICN.

CXAMPLE NO. 7.

Consider the same situation
described in Example Problem No. 1.
Assume the heating system has a
capacity of 30,000 Bru/hr.

Step 1: Evaluate the seasonal heat
loss.
q; =4gX I: x 24
g = 25,330 Btw/hr
D = 5144 degree days (Table IT).ase TP#2
A t = 65°-14° = S1°F o



25,330 x 5,144 x 24
ThIJS qs - ¥ 51’ \

61,300,000 Btu/seascn.

Step 2: Evaluate the quantity of

fuel required per heating
Seascri.

ds Cp X QF-
Y XV
= (.83 (Table XIV at 14°F
design temperature).
1.56 (Table XV for 25% over-
sized heating wmit.)
Efficiency .75, fuel oil;
1.00 electslcn.ty
800 Btu/ft- gas.
144,000 Btu/gal fuel oil
3,413 Btu/kwh electrical
energy.

Thus the estimated quantity of fuel
consuned is

E—

= 61,300,000

- - 6
61,300,000 @33523% =

132,000 cu. ft. gas.

(0.83x 1.56
'0.75 x 144,000’
735 gal. fuel oil

0.83 x 1.56

23,250 Kiwh electrical energy.




TARLE XIV. CQORRECTION FACTCRS FOR HEAT LOSS
VS. DEGREE DAYS INTERIM FACTOR Cpa
(Reference Systems Handbook, ASHRAE,
1976, Page 43.8)

Qutdoor Design Temp, F -20 | —-1v 0 +10 ]| +20

Factor Cp 057 | 064 | 0.71 | 0.79 | 0.89

*The multipliers i Table 2 which are high for mild elimates and Tow for cod
regions, are not in error a3 might appear. For equivalent buildings, thosc in warm
climates have » greatec Pottion of their besting requitements on days when the
mean temperatute is close to 65 F, and thus the sctusl heat loss s not reftected.

TABLE XV. PART LOAD CORRBECTION FACTOR
(CF) FOR FUEL~-FIRED BQUIPMENT
(Reference, Systems Handbock, ASHRAE,
1976, Page 43.8)

Perc:int aversizing 0 20 40 60 30

Factor Cr 1.36 | 136 | £79 | 204 | 2.2

*Becacw equipment perfor anext ty tow loads is highly variable,
it is strongly recommended that the valucs in Table 3 not be eatrzpalated.
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PREDICTING FUTURE NEEDS*

Once the heat loss for a roon or home has heen -etermined,
the fuel costs for heating seasor can te estimated. fNeterainirg
the heating costs of various systems vill give an jdea of which fuel
and systen w111 provide the hone with toe greatast comfort for the
money spent. llote also that hcating cosis can vary according to now
well the house has heen weatherized.

If the ieat toss calculations for a Luilding were accurate for
the design conditions, and if the heat loss at any other outside
temnerature were proportional to that at Jesign conditions, tuen
the heat l1oss frow the building for a whole heating season coulJ be

expressed by the equation;

*Source: Storck & Koral: Ilandbook of Air Conditioning, Heating and
ventilating -~ 2nd Edition, Published 1959, 1965 b
Industrial Press, Inc. Reprinted with permission.

‘p‘\ga""l




ti-to

seasonal heat loss in BTU,

hourly heat loss from the bui]dlng for the design
conditions, BTU,

= inside design temperature, deg F,
= outside design temperature; deg F,
hours per day,
number of days in the heating season,
= average outside temperature for the heating season,
* (See Appendix A & B in back of this unit for Figures.)

For buildings where the inside design temperature is 70 deg,
the formula becomes:

24hd(70-ta)

H ='-—76:f3____

EXAMPLE
“Yhat would be the heat required for a residence in Hew York

where the design heat loss is 70,000 BTU per hour, d=241, ta=44.0
degrees, to=0 degrees and the tj=70 degrees?

Substituting in the equation above:

24 x 70,000 x 241 x {70-44)
- (70-0)

150,384,000 8TY the heat
loss for the whole heating
season

Determining Fuel Use

The heat loss for the whole heating season can be converted ¥nto
fuel units by dividing by the heat value per fuel unit and by the
utilization efficiency. For example, assuming 1031 BTU per cubic
foot of natural gas at 75% eff1c1ency. the gas consumption per
season would be:
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181,334,000

fuel uyse =
A 1) Iy

150,384,000

R

194,403 cu. ft.

HEAT VALUE/COST/CFFICIENCY PER FUEL

Heat Value Approxinate JEfficiency
Fue) (oT1') Cost* (<)

=

Jdatural Gas 1031/cubic foot | 53.00/ncf 75

#1 Heating 0i} 136,000/9aY1on .L92/gallon 75

#2 Neating 0i) 144,000/g9a1lon .h6/g9allon

Bottle Gas
Propane 93,0nn/gallon .553/9allon

!¥igh Volalite
Diturinous Coal | 26,0n0,000/ton 45,97/ ton

Electric ’
Nesistance teat | 3412/kilowatt 715/ kuh

*Estimated Average Cost July, 1979 Morgantown, tiest Virginia

Detérmining Fuel Cost

The cost of the fuel for the entire heating season can he
determined by multiplying_the fuel use unit by the fuel cost. For
example, assuning 194,403 cubic feet of natural cas at $3.9) per

- thousand cubic feet of nas, the gas cost per season would he

194,403 x $2.M9
§5a3.849 ner heating season

EXAMPLES FOR VARIOMS FUEL

'leat Loss = 20 X 32,787 x 230 (77 - 4An)
ma-145

. 187,279,308 x 39 %
6%

290
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= $.618380320
65

UR,436,620 LTU's required for one heating season

NATURAL GAS 86,436,620 .

1031 LTU/Co. FE. 111783.53 Cubic Feet of Gas

111733.53
T009

11,78 MCF

MCF x% $3.00
111.76 x 53.0n
$335.35 per heating season

#1_HEATING OIL 8,436,620

= £ ns
T X 136,090 BTT/RaT n47.41 Rallons of oi?

cost = gallon x .592
847,42 x .992
5507.67 per heating season

42 HEATIIG OIL £6,436,5620 _ .
. 75 x 140,900 BT0/Ga1, - #2320 Gallons of ofl

cost = gallon x .85
#23.20 x .6b
$543.31 per heating season

SOTTLE RAS PROPAUE 56,436,629 . '
75 % 93,000 STe7Gar, - 1213-14 Qallons of

cost = gallon x .553
1213.14 x 550
SA76.93 per heating season

COAL 26,436,620
“5% x 2%,0M,009 BT07Ton - 511 Tons of Coal

L]
cost = Tons x $45.00
5.11 X 45. M
$230.15 per heating season

ELECTRIC 8€,436,620
1.00 x 3472/KM

= 25,333 W

cost = KN x .05 = 25,333 x .05 = $1266.65 per heating
291 season




APPENOIX A
Alr Condizioning Jesion Daza®

{0elaware, Ofscrtce of Columbia, Maryland.
Pennsylvania, Virginia, Wesc Virginfa)

Winter Sumer Hinter Summer

State & Ory Bulb ?fy Bulb State &

Temp.(f

DELAWARE ;
Bethany Beach
Dover AFB

Lawes
Miles, Fart
W1 imington

OLSTRICT OF COLUMBIA:
Andrews AFS,

Waicer Reed Nose
Sational Arpt

MARYLAND:

Annadcl s USHA

Saltimora Aprt

Sathesda Naval
Medical Cte.

Chesapedke Beach
NRL

Cumberland
Frederick

Hagerstown
Ocean City

PENNSTYLVANIA:
AlTentown

Al toona
Seaver Falls
3eth] ehen
Srookville
Clarion
Cleartield
Columbia
Connellsville
Dudais

Erte

Geneva
Harrisburg
Hazleton
Johnstown
Lancaster
Latrobe
Mecnanicsburg
New Cascle
it Ciey
Pril1T{psburg
Pittsbu
Reaatngrgh
St. Marys
Uniontown
Waynesburg
Wilttamsport
Yark

VIRGINIA:
gedford
Selvair, Fort
8lackstone
Bowling Graen
Cape Menry
Charlottesville
Covington
Julles Int Arpe

20
15
19
19
n

16
17

—

~ Bﬁlﬂ-ﬂﬂ

-

—t

—

2
0
8
2
0
1
0
S
3
0
6
2
4
8
6
S
8
£
4

~N o

]

§ -
[FR ¥}

- G

88p

Wl o
-y

L8288 3

1] Station

ory 841h Ory Bulb
Temo. ()

VIRGINIA (Continued)
Fishervilla 1
anpton

Lymchturyg

Harion

Myer. Fort

Hewport Mews

Narfolk

Norchwest

Pecerstury

Richmond

Roanoka

Staunton

Virginia Seach

Hi1l {amsburg

Vorktown

WEST VIRGINIA:
Beckley
fluefield
Charlaston
Clarkstury
Elkins
Falrmont
Huntingeon
Martinsturg
Borgantown
Parkersturg
Ripley
Whealing

Storck & Koral: Handbaok
af Alr Condicioning,
Heacing and Yentilacing -
2nd Edicion, Published .
1959, [965 by Industrial
Press. Inc. Reprinted
with permission.

*SouTRe:

BEST COPY AYALABLE
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APPENDIX B

Data an yorma) Heating Seasone

{Oelaware, Oistritt of Columbia, Maryland,
Pennsylvania. ¥irginta, Hest Virginda)

" Dey Averz9e fa. of
State 5 Aversge Date Average Qate Per Tenp. Gegree
station Season Beqing Season Ends  Season Degree #. Days

DELAWARE:

Oover+ sept 25 May 20 28 45.7  459)
wilfards Sept 28 May 17 232 465 0
W1Tm{ ngton-A Sept 27 May 19 235 440 4910

HSTRICT OF COLUMBIA:

Washingtan-A Ot 2 May 14 4333
wWashingtan-C Ot 2 May 12 4258
Stlver Hi1E (s,  Sept 20 May 17 4539

MARYLANGD ;

Annapol{s+ Sept 28 May 17 4283
Baltimope-A Sept 28 May 19 4611
a1timgre=_ Sept B May 13 4203
Campridges fet May 12

Frederitk-A Sept 29 May 16

PENNSYLVANIA:

Allenton-A Sept 18 May
Al toona* Jept B Jun
Coatesviller Sept 19 May
Erie-L Seat. 20 Jun
Frank] {n+ Sep: S Jun
Harr{sourg-A Jepr 22 May
Lancasters Sept 13 May
Lepanant Sept, 16 May
Yew Castier Sept 12 May
Philadelonfa-A Sept 28 Hay
PhiladeTphta-C Jet 2 May
Pitisburgh=Gr.

PItL.-A Sept 19 Hay
pretsburyh-C Sept 28 May
Reading-C Sept 26 May
Scranton=C Sept 15 May
Uniontomns Sept 10 May
darrens Sept 2
Will1amspore=-A Sept 18
Yark+ Sept 16

N

.o

SERBBERELEE

.

- L =
* ¥

-

.

&&:: - g
- * *
NSO AL NNN=NNMN WSO

Ll v+

.

YIRGIYIAT

Cabe Henry-( Oct 12
Chartottesviller Sepc 17
Danville+ dct 8
Lynchbyrg-A Sept 29
HSorfolk-A et B
Norfal k-C

Rithmand-4

Richmond=C

RoAnoke -4

Wythevilles

WEST VIRGIMIA:
Charleston-A
Elkins-A
Fairmants
Hunt{ngton-C
Parkersburg-C
Petersburg=C
Wheeling*

.

.

.

4

4 La b b En fr s b
- AL O L LA

Y

no
LR

w0 O (o

“Tource: Storck § Karal: Mandbook of Alr Conditioning. Heating and
Jentilating - 2nd Zdition. Pubpiished 1359, 1365 by
Industrial Press. Inc. Reprinted with permission.

-~

BEST COPY AVANABLE




FEEDBACK

Objective A Check:

Equation A.l

= .seasonal heat loss in BTU

= hourly heat loss from the building for the design conditions
inside design temperature, degrees F.

outside design temperature, degrees F.

hours per day

number, of days in the heating season

average outside temperature for the heating season

H
h
t

i
to
24
d

ta

N & & & 4

A.2

seasonal heat loss in BTU

.heat loss at design temperature, BTU/HR
number of degree days, F. days

design temperature difference, F.

24 hour day

Objective B Check:

qs CD x CF
Yy
seasonal fuel or energy consumption
convection factor heat loss differences
convection factor for partial loads for fuel
-f‘ rated fulllload efficiency of ﬁeating equipment (decimal value)
v heating value of fuel
Each-example. will vary.

The cost of the fuel for rhe entire heating season ‘can be determined by
multiplying the fuel use unit by the current fuel cost.

For exzmple, assuming 12,000 cubic feet of natural gas at $3.00 per thou-
sand cubic feet of gas, the gas cost per season would be:

MCF = 12,000 fe3
1,000

1,200 MCF
MCF x cost of fuel
120C¢ x $3,00

$360.00/heating season




POST-CHECK

PRINCIPLES AND PRACTICES OF HEAT LOSSES AND GAINS

Apply all formulas and principles acquired in this medule to complete this Post
Check.

Using the sample wall section shown in Figure 1. and other information stated,
determine the following: (show all calculations and formulas)

A. Determine total R.

B. Determine U
Determine AT.
Calculate qc.
Determine

Calculate

Calculate gs.

Calculate E.

Calculate seasonal fuel cost.




FIGURE 1. FOR POST-CHECK

jp—1Interior Air Film

L o 1/2" Gypsum Board

3 1/2" Fiberglass

1/2" Plywood

Bevel Siding'

Exterior Air Film

Home Information

Ti = 65CF

To = 20°F

1 1/2 Air Changes

Room Dimensions 20'x10'x8' = 480 Ft

D = 5000

Heating Source: Electric Base Board @ $.04/KWH




POST-CHECK KEY

PRINCIPLES AND PRACTICES OF HEAT LOéSES AND GAINS

.68 + .45 + 11.00 + .63 + .81 + .17 = 13.74

1/13.74 = .0727

Ti - To =AT (659 - 20° = 459) . AT = 45°

qc = U x A x AT  .0727 x 480 Ft? x 45° = 1570.32 BTU/HR

qi = (0.018) Qi{( T) 0.018 x 2400 x 45° = 1944 BTU/HR
qi = Air exchange x volume

Q= qc +ql 1570.32 + 1944 = 3514.32 BTu/HR

qs = q x D x 246 = 3514 x 500 x 24 = 9,371,520 BIU
AT . 45

E-qs ¢b x CF = 9,371,520 .89 x 1.56 = 1.3884 = 3812 KWH
XxV 1.0 x 3413 3413 :

E x Fuel Cost per Unit = Seasonal Fuel Cost
3812 @ $.04/KWH = $152.49

st




MODULE ELEVEN

MEASURE HEAT LOSS AND GAIN

Prepared
by
David Johnston

Biddeford High School
Biddeford, Maine

USDOE Sponsored Faculty Development Workshop on Energy
Conservation for IAE at North Carolina State University
“June 1981 - R.E. Wenig, Director
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MEASURE HEAT LOSS AND GAIN

This module is designed to allow a student to teach himself, at his own
pace, the techniques invelved in performing an energy audit on a residential
building. The student can, at his option, indicate to the teacher that he
possesses the knowledge necessary te perform energy audits by taking the pre-
tests at the beginning of each instructional package. A grade of 907 or better
irdicates the student's mastery of the technigques involved. A lesser grade
indicates that the student needs to study a1l of the instructional packages.

The techniques described herein are by no means exhaustive; the represent a
simplified approach to energy auditing designed to acquaint the student with the
methods used and not to make him expert. It is suggested to use the included
format in all calculations.

TERMINAL PERFORMANCE OBJECTIVE

At the conclusion of this module, the learner will be able to perform an
energy audit on his/her house, or on one of several examples, and to critically
evaluate the results. The learner will employ techniques discussed in Module
Ten, and in DOE Publication IR/06065-1 Pt. 1., "Providing for Energy Efficiency
in Homes and Small Buildings." To simplify the arithemtic involved, it is
suggested to round off te whole numbers.

INSTRUCTIONAL PAKCAGES KNOW

IP-1 Calculating Seasonal Heating Load

Ip-2 Calculating Seasonal Cooling Load

IP-3 Evaluating- Energy Audit




PRE-CHECK

MEASURE HEAT LOSS AND GAIN

Directions: Place the letter opposite each numbered test item that best com—
pletes the statement.

IP-1. Calculate Seasonal Heating Load
Thermal transmission coefficient is expressed as:

A. IIRII c . IIKII
B. I|UII D . IITII

"OT” is a symbol for:

Sum of inside temperature and ocutside design temperature

Thermal conductance

Number of Degree-Days

Difference between inside temperature and outside design tempera-
ture

"Degree-Days" refer to:

A. College graduation

B. Number of hours the outside temperature is below 65°F.
C. HNumber of days the outside temperature is below 65°F.
D. Seasconal fuel consumption

A. C. A
B. _ , D. R

Given the Qc = 70,000, & = 2,500 and AT = 70, then U =

A, 12,230,000 c. .04
B. .4 D. 12.25




PRE-CHECK <{Continued)

MEASURE HEAT LOSS AND GAIN

Calculating Seasonal Cooling Load
"ETD" refers to:

A. Estimated Time of Departure
B. Environmental Teaching Department
C. Efficient Thermal Depletion
D. Estimated Temperature Difference

"Q" values are stated in:

A. BRTU/Hr. C. BTY
B. KC/Day D. KC

Seasonal cooling load is found using which equation?

A. Qs -UA AT

B. Qx=UA (ETD)

C. Qs = Qc x D~Dc x 24/AT
D. Qs = MC2

Cooling loads consist of:

A. Latent and sensible C. Infiltration and validation
B. Daytime and nighttime D. Inside and outside

In determining cooling loads, Q values are stated in:

A. therms C. BTU/hr.
B. joules D. megawatts

Evaluating Energy Audit

An energy audit is performed:

A. To determine seasonal heating load
B. To determine seasonal cooling load
C. To determine energy consumption

D. All of the above

Low "Q" values indicate:

A, An efficient house
B. An inefficient house




PRE-CHECK (Continued)
MEASURE HEAT LOSS AND GAIN
Which of the following would be the simplest method of decreasing the
heating/cooling load of a building?

A. Increase "R" values C. Decrease "OT" values
B. Decrease " " values

The single biggest consumer of energy in a home is:

A. Domestic Hot Water o C. Space Heating
B. Lighting

Which building component has the least resistance to heat flow?

A. Doors and windows C. Ceilings
B. Walls D. Floors




PRE-CHECK KEY

MEASURE HEAT LOSS AND GAIN

Calculating Seasonal Heating Load

Calcul ating Seasonal Cooling Load

1.
2.
3.
4,
5.

Evaluating Energy Audit




MEASURE HEAT LOSS AND GAIN

IP-1. Calculating Seasonal Heating Load

OBJECTIVE
Upon completion of this instructional package, you will be able to:
De:erminelthermal resistance (R) and composite transmission coefficient
(U=1/r) for the building envelope, including walls, ceiling, floors, doors,

and windows. : o

Calculate Surface area (4A) of the appropriate walls, ceilings, floors,
doors, and windows.

Compute " T" after determining both the desired inside temperature and

the outside design temperature.
Find air exchange rates (Qi) from appropriate tables.

Calculate heat ton by conduction and infiltration through the building
envelope using the formula:

Qc =UA/ T & .018 QiaT
Calculate seasonal heating load using the formula

Qc = Qc x DD x 24
AT

RESOURCES
Books:

Solar Concepts. Gosham, J. Maine Audobon Society, 1979.

From the Walls In. Wing, C. Little, Brown, and Co., 1979.

From the Ground Up. Wing, C. and J. Cole. Little, Brown, and Co., 1976.

DOE/IR/06063-Pt. II
Providing for Emergy Efficiency in Homes and Small Buildings

Module 10 in this series of modules.

NOTE : - There are a great number of books and journals dealing with the con-
cept and techniques described herein. It is emphatically sugges:ed
to go to the library and/or bookstore and peruse them!

also: ASHRAE Handbook




ACTIVITY

A.

B.

Review one or more of the instructional resources listed for this package.

Make a list of all materials making up the walls of the house under azudit.
Beside each material write the associated "R" factor. Add the "R" factors
and take the reciprocal of the sum te find "U."

3 4

Exterior Air Film

" 1/2" Bevel Siding

1 !
‘“hhh‘“‘* i 1" Beaver Board

4 SI us Air Space Between Studs
ENRTMOY 2 |
2. WOOD SIDING 14 (8) 1/2 Gypsum Board
MATERIAL . .
3. INSULATING SHEATHING .18 (1.0) Interior Air Film
% INCH THICK . .
4. AIR SPACE .18 (1.0) '
BETWEEN STUDS = 1
5. GYPSUM WALLBOARD .09 (.5) -

6. yé"\’v ﬁﬁ FILM ON INSIDE 12 (.7)
RTOTAL 0.75 (4.2)

Repeat this procedure for ceilings, floors, doors, and windows.

Make a list of appropriate ceilings, walls, doors, windows, and floors
(i.e. those making up the building envelope.) Beside each record the sur-
face area "A."

Establish the deslired indoor temperaturz and record this figure. Find
the outside design temperature for your area on an appropriate chart, and
record this figure. The difference between the outside temperature and
the inside temperature is recordsd as "AT."

For air exchange rates (Qi) gain from a table. Record this figure.

e 305

LTt




Y

ACTIVITY (Continued)

G. Find the heat leoss through each building component by plugging these
values into the formula - Q = UA AT. Add the components together to
find the total heat loss via conduction. Record this figure.

Plug "Qi" values into the formula .018 Qi AT. Add this value to the figure
from activity G,

This value, Qc, indicates heat loss from the building when the outdoor
temperature is at the design temperature. In order to estimate the sea-
sonal heating load, a far more valuable bit of information, a method
known as the "Degree-Day Method is used. One additional value must be
obtained in order to perform this simple calculation:

Find the number of "Degree-Days'" (D-D) typical for your area from a map
or a table. Using the values obtained previously, apply them in the fol-
lowing formula:

Q Seasonal = Q x D-D x 24
o T

Q = Heat loss at design temperature, BTU/HR
Qs = Seasonal heating load
D-D = Number of Degree-Days, F. day -
DT = Design temperature difference
24 = 24 hour day
Record this figure with proper units.

NOTE: Example of this problem is worked on page 31-32, Part IL, Providing
Energy Efficiency in Homes and Small Buildings.

FEEDBACK

Objective A-F Check:

Upon completion of the activites listed for 1P-1, meet with your instructor
to go over your calculations and to ask any questions you may have. .

Retake the pre-check to see if you have reached the objectives as stated.




MEASURE HEAT LOSS AND GAIN

P-2. Calculate Seasonal Cooling Load

OBJECTIVE

Upon completion of this instructional package, you will be able to:

Determine Equivalent Temperature Differences for each component using
appropriate tables.

Caféula:e Total Cooling Loads.

Estimate Seasonal Cooling Loads.

RESQURCES

Same as IP-1 Calculating Seasonal Heating Load.




ACTIVITY

Some of the values obtained from 1P-1 are used in the calculation for
Total Cooling Load: "R" values (U=1/R) and &, surface area. AT is replaced
with Equivalent Temperature Difference (ETD).

Obtain the outside design temperature and the daily range of temperatures
from an American Society for Heating, Refrigeration, and Air Conditioning
(ASHRAE) table. (Cooling and Heating Load Calculations Manual, p. 23 and
7.16)

Determine the ETID for each component of the building from an appropriate
table. (ASHRAE, p. 7.8 and 7.22)

Using the equation Qcs = UA(ETD), calculate the conduction Sensible Cool-
ing Load for each building component. Add the components to arrive at a
total. Record this figure.

Find the infiltration Sensible Cooling Load by using an appropriate table
(ASHRAE p. 25-41).

Add the figure from '"D" to the figures from "C" to arrive at the total
cooling load. Record this figure.

Seasonal Cooling Load for the building under audit is estimated by using
the "Cooling Degree-Day Method." This method is similar to the '"Degree-
Day Method" for estimating Seasonal Heating Load. Instead of using the
value "D-D" obtained in Activity I of 1P~1. Replace it with "D-D¢,"
vhich can be obtained from appropriate tables, {(Available from National
Climate Centre, Asheville, NC) Using the following formula, estimate
Seasonal Cooling Load.

~- Qcs = Qes x (D-Dc) x 24
AN T

Qcs = Seasonal Cooling
D-Dc = Degree Days Cooling
Where AT in this case is taken to be 15°F (90° ~ 750 = 159)

FEEDBACK

Objective A-C Check:

1. Upon completion of the activities, meet with your instructor to go over
your calculations and to ask any questions you may have,.

Retake the pre—check to see if you have reached the objectives as stated.




MEASURE HEAT LOSS AND GAIN

IP-3. Evaluating Energy Audit

OBJECTIVES Lo

You have now calculated both Seasonal Heating Load and Seasonal Cooling
Load for either a real or imaginary building. Upon completion of this instruc-
tional package, you will be able to:

A. Evaluate the importance of thermal resistance, building area, and inside
vs. outside temperatures in the efficient heating and cooling of a build-
ing.

Identify measures that could decrease the heating and cooling loads for
the building under audit.

RESQURCES

Same as IP-1 and IP-2.




ACTIVITIES

. A. Review one or more of the listed references for this instructional package.

Inquire of neighbors and friends who have improved the energy efficiency of

their homes the techniques they used, and relate your flndlngs to the class
or to the instructor.

Make a list of ways you think might improve the energy efficiency of your
home.

Bring into class information on efficiently designed buildings gleaned from
magazines, journals; and local newspapers. Decide what factors (U.A. or T)
have been most influential in the efficiency of the design. Share your
thoughts with the class and your instructor.

FEEDBACK

Objective A-D Check:

1. Meet with your instructor concerning activities B, C, and D. Ask any ques-—
tions you may have and bring up any points you feel are important.

Retake the pre-check.




POST-CHECK
MEASURE HEAT LOSS AND GAIN
1. A building measures 24x36 with an 8' ceiling. Construction details are

as drawn. Compute seasonal heating load. (There are no windows or doors.)
NOTE: Use Sample Format

This building is located in Boston, Massachusetts. Show all work.
Round off to whole numbers. Check your answer with the instructor.




POST-CHECK (Continued)

MEASURE HEAT LOSS AND GAIN

SAMPLE FORMAT

Determine R-Values and U~Values for the building components.
R v

Wall
Ceilings
Floors
Windows
Doors

Determine areas of building components.

Ext. Walls
Ceilings
Windows
Floors
Doors

Determine AT.

Temperature inside
Design Temperature outside

T
Calculate heat flow by conduction (Qc)
Walls
Ceilings
Floors
Windows
Doors
Determine heat flow by infiltration (Qi).

qi = .018 x Qi x AT

Calculate Total Heat Flow From Building

QG = BTU/HR

Qi BTU/HR
Q Total = BTU/HR




POST-CHECK (Continued)

MEASURE HEAT LOSS AND GAIN

Estimate Seasonal Heating Load.

Qs BTU/Season

NOTE: Use a similar sample format to estimate cooling load calculations.




POST-CHECK KEY

MEASURE HEAT LOSS AND GAIN

Instantaneous Heat Loss 11,917 BTU/Hr

Seasonal Heat Loss 28,600,800 BTU/Season




MODULE TWELVE
CALCULATING ELECTRICAL ENERGY

USAGE (AUDIT) FOR A TYPICAL RESIDENCE

by

) William G. Hoefert
Department of Industrial Art/Vocational Education
State University College
Buffalo, N.Y. :

USDOE Spomsored Faculty Development Workshop on Energy
Conservation for JAE at NOrth Carolina State University
June 1981, R.E, Wenig, Director




CALCULATINC ELECTRICAL ENERGY USAGE

(AUDIT) FOR A TYPICAL RESIDENCE

TERMINAL PERFORMANCE OBJECTIVE

This electrical energy audit (usage) module is designed to provide tche
learning experiences necessary for conducting an electrical usage audit for a
typlcal residence.

Achievement of the terminal performance objective will be accomplished by
successfully completing three instructinal packages (IP). Prior tg satisfying
the IP's requirements, & pre-check evaluation will be required to determine the
individual's technical competency level. The results of this pre—check may be
used to diagnose and prescribe the IP's that are required to complete this
inscructional module. Individuals unfamiliar with technical data of this module
should eliminate the pre-check and begin the firsc IP. Those who take the pre~
check will record the resulcs below.

INSTRUCTIONAL PACKAGES

IPH;; ' Inventorying electrical consuming devices
and manufacturer's data plate
information

Electrical Formula Review

Calculating power consumption




PRE-CHECK

CALCULATING AN ELECTRICAL ENERGY USAGE

(AUDIT) FOR A TYPICAL RESIDENCE

DIRECTIONS: Place the correct answer on the line adjacent to the question
number, Upon completion of the pre-check evaluvation, check the
answers with the instructor. If any question per IP is missed,
it will be necessary to complete the entire module. Record the
1P results on page 1. .

IP=-l. Inventorying Electrical Consuming Devices and Manufacturer's Data
Plate Information Collection

1, Various forms of converted energy are:
a. 1light, heat, radiation
b. work, noise, light, sound
c. light, heat, radiacion, motion.
d. radiacion, sound, work, light

List five pieces of technical data found on the manufacturer's
data plate:

a.

b.

c.

d.

e,

A refrigerator converts electrical energy into which form of
energy:

a. light

b. heat

c. -radiacien

d. none of the above

What does the E.E.R. mmber found on electrical consuming device
data information plate refer to:

2. lighc and heat energy

b. motion and heat energy

¢, radiation and motion energy

d. heat and light energy

A microwave oven Primarily produces:
a, light and heat energy

b. metion and heat energy

c. radiation and motion energy

d. heat and lighc energy




CALCULATING AN ELECTRICAL ENERGY USAGE

(AUDIT) FOR A TYPICAL RESIDENCE

Ip-2. Electrical Formula Review

1. When given the voltage and resistance parameters of an electrical
consuming device which power formula is appropriate to use?

a. P = 12

b'

c. P

d. P = lgR

An electric toaster when connected to a 120 volt source draws
4 amps. of current. What its internal resistance?

a. 30 ohms

b. 300 ohms

C. 512 ohms

d. 51.2 oims

What is the voltage drop across a lamp that has an internal R of

60 ohm and draws 2 amps. of I?
a. 30 volts

b. 120 volts

c. 60 volts

d. 12.0 volts

How much current flows through a soldering iron that has an
internal R of 120 ohm when comnected to a 120V. power socurce?
a. .l amp.

b. .0l amp.

¢. 1 amp.

d. 10 amp.

What is the EER number for an electrical unit that has a cooling
capacity of 5000 BTIU. the voltage rating is 115 volts and draws
6.7 amps. - -

a. 43.47

b. 5.79

c. 746.26

d. 57.9




CALCULATING AN ELECTRICAL ENERGY USAGE

(AUDIT) FOR A TYPICAL RESIDENCE

IP-3. Calculating Power Consumption

1. An ice cream maker manufacturer's data plate contain the following
information technical terms explain what information each
item conveys:

a. 120V

b. 60 cps
c. 1.2 amp
d. AC only

household ﬁée,only

Calculate the total kilowatt hours used in the following problem.
All equipment operates on 120 VAC supply.

a. 1200 watts toaster operated for 6 min. on day 1, 20 min., on
day 2 and an average of 15 wmin./day for day 3,4 and 5.

b. An electric range uses 3000 watts for 45 min. omn day 1, 2500
for 30 min. on day 2, 4000 watts for 1 hour on day 3, 3500
watts for 1.4 hours on day 4, and 2500 watts for 2 hours on
day 5. e




PRE-CHECK KEY

CALCULATING AN ELECTRICAL ENERGY USAGE

(AUDIT) FOR A TYPICAL RESIDENCE

Inventorving Electrical Consuming Devices and Manufacturer's Data
Plate Information Collection

1.

2, voltage requirement
current drain
serial pumber
model number

underwriter's approval
EER

D .
Energy efficiency ratio (EER), expressed in BTD's per watthour,
is quotient of the cooling capacity the unit in BTU's per hour

divided by its electrical input power in watts.
C

Electrical Formula Review

1.
2.
3.
4,
5.

Calculating Power Consumption

1. Test item
A. voltage supply should be 120 V
B. use a voltage that bas a frequency of 60 Hertzs
C. current drain 1.2 amps.
D. wuse-only 60 Hertz AC
E. underwriter's approved for household use only

A, 2.49 Kilowatt hours
B, 17.3 Kilowatt hours




CALCULATING ELECTRICAL FENERGY USAGE

(AUDIT) FOR A TYPICAL RESIDENCE

IP-1. Inventorying Electrical Consuming Devices and Recording Manufacturer's
Data Plate Information

OBJECTIVES

The instructional objective of IP-1 is to provide the learner with an
opportunity to:

Develop an operational defimition for each energy category.

Inventory home (including garage and workshop equipment) electrical
consuming devices.

Interpret the manufacturer's data plate information.

RESOURCES
Books:

1981 Directory of Certified Room Air Conditioners by The Association of Home
Appliance Manufacturers, 1981, €3, 4 and 5.

Home Energy Conservation Primer by Michsel Vogel, West Virginia University,
1979, p. 24.

Physics by Irwin Guenler, Silver Burnett Co., 1969, Chapters 4, 12 and 13.

National Flectrical Code by National Fire Protection Association, 1931.




ACTIVITY

A,

Develop an operational definition for:
Light, motion and radiation

Inventory the electrical consuming devices in a home/small building
and record the manufacturer's name plate data on Chart, 1-5.

A. Information accumulated in Chart 1 exceeds that required for completing
an energy audit, however this additional data will be useful for
maintaining an invenctory list and operational condition of the equip-
ment. In addition, it contains the basis for evaluating circuit load
distribution. This activity will be accomplished in the module
entitled "Energy Used in Small Buildings and Homes."

FEEDBACK

Obiective A-C Theck:

1'

N

List five pleces of information found on the manufacturer's data plate:
A.

B.
C.
D.
E.

What is the purpose of the manufacturer 's data plate informarion?

Restate the enabling objectives in operationzl form.

Energy that is required to raise the temperature of a specific mass
Energy that produces a visual wavelength

Energy that produces rotation, expansion, contraction or other forms of
movement.

Energy that produces magnetic or electric fields.




CALCULATING AN ELECTRICAL ENERGY USAGE

(AUDIT) FOR A TYPICAL RESIDENCE

IP=-2. Electrical Formula Review

OBJECTIVES
The objective of IP-2 is a mathematical review of electrical problem

solving associated with power consumption. When campleting this activity the
learner will be able to: .

.

-Solve ohm law problems with interaction between voltage, current and
resistance.

Solve electrical power related problems.

Develop the relationship between the watt and watt hour.

RESOURCES

Books:
Physics by Irwin Genzer, Silver Burdell Co., 1969, Chapters 10 and 16.

Understanding Electricity and Electronics by Peter Buban and Marshall Schmitt,
McGraw-Hill Company, 1975, Chapters 6,7,8 and 9.




A.

B.

ACTIVITY

Review the reference material that embraces electrical problem solving.

Complete the following ohm's law formulas

List the three(3) power formulas:

l. P =

2. P=

3' P = )

Explain the process for changing watts to watt hours:

Vhat formula will convert watt hours to kilowatt hours.

" Solve the following problems. State the formula to be used and show all

work.

1

1. A 10 ohm heating element when comnected to a 240 VAC source will draw
how many amperes of current.

What is the hot resistance of a lamp that draws 4 amperes of current
when connected to 120 VAC? .

The voltage required to operate a hair dryer with an internal R of
12 ohms drawing 10 amperes.

Find the power consumed in Problems a,b and c¢. Use only the data
presented in each problem. -

a. PrdbLam'?V'




FEEDBACK

Obfective A-C Check:

1. Check the solution to problems A through I with the instructor.
additional review problems for those missed.

2. Restate the enabling objectives, in operational form.

Instructor's Approval
IP-2. grade




ACTIVITY cont.

b,

Ce

Problem M"B"

Problem C"

~ How many watt hours of power are consumed by the heating element in
problem "A" when voltage is applied for 10 hours?

The lamp in problem "B" is allowed to burm for 24 hours. How many
watt hours of power are consumed?

Assume that the hair dryer is used intermittently during a 24 hour
perioed for a total of 6 hours. How many watt hours are consumed?

When all of the three devices are simultaneously used, what is the
total power consumption?

Complete the follewing chart. Data previously calculated should be
used. )
p

f hours kilo
of ~ fwatt | watt
Device operation [kours hours

Heating Element




FEEDBACK

B..l. R=E
1

Multiply the number of watt X the time in hours used for each device. Then add
the watt hours of each device to obtain total watt hours.

Divide the total watt hours by 1000
Kilowatt hours = total watt hours
1000

24a

300 obms

120 volts

a. 5760 watts
b. 480 watts
c. 1200 watts
57600 wh

11520 wh

7200 wh -

76320 watts

kilowatt
Device hours

Heating device 57.6

Lamp 11.520

Hair Dryer 72.

Total . 76.320




CALCULATING ELECTRICAL ENERGY USAGE

(AUDIT) FOR A TYPICAL RESIDENCE

IP-3. Calculating Power Consumption:

OBJECTIVES

The instructional objectives of 1pP-3 are designed to provide the learner with
an opportunity to develop learning skills in:

Categorizing electrical devices according to their energy producing
capabilities.

Calculating the energy or power réquifement for the inventory list.
Estimating the monthly energy consumption.
Evaluating the relationship that e€xists between the estimated and measured

power consumed.

NOTE: It will be necessary to measure the kilewatts used for one mont
to complete this table.

RESOURCES

Books:

Electrical Circuit Actions by Henry Veatch, Science Research Assoc., Inc., 1978,
pPp. 437-438.

Physics by Irwin Genzer, Silver Burdett Company, 1969, pp. 306-308, 430-435-47.




ACTIVITY

Transfer from Chart 1 to Chart 2 the technical data necessary to compute the
unknowns presented in Chart 2.

Calculate the unknown power requirements for each device.

Estimate the daily and monthly power consumption for each device.

Determine the degree of need for each electrical device in relationship to
effective household operation. Use a realistic approach in this assessment,
to avoid personal prejudices. They influence rational judgment. Devices
necessary for physical maintenance (i.e., hair dryer, roto hoe) code number 2,
luxury items (i.e.» television, projector) code number 3 and last, code &
unnecessary items (i,e.» bug killer, dry cell charger).

Measure the amount of electrical energy consumed for one month. Compare

the relationship that exist between the estimated and consumed amounts.
Discussion will be required in Step F& of this unit.

Follow the procedure outlined in Steps 1-5 above for completing Charts 3,
4 and 5,

Transfer from Charts 2,3,4 and 5 the data necessary to complete Chart 6.

Complete chart on demands as illustrated in item IP-2, Activity F-9.

FEEDBACK

1. List three reasons why knowledge of electrical problem seolving is necessary
when conducting electrical energy audit.

Analyze the relationship that exists between the estimated and consumed energy.
If a dispersion of plus or minus 5 percent between the estimated and actual
consumption exists present reasons for the variations.

What percentage of the estimated energy consumed is dispersed among the various
"need categoried,

Necessary

Convenience

Luxury

Not necessary

Total




FEEDBACK. cont.

4.

Write a detailed analysis of the data compiled in this IP as it relates to
household electrical consumption. Emphasis should encompass those
concerns for non-essential consumption of electrical emergy and subsequen-
tilal effects in living standard when their absence is encountered. In
summarizing this research, don't fail to evaluate the equipment's
operational condition and the economics of replacing poor energy efficient
unics,

Instructor's Approval
IP Grade




POST-CHECK

CALCULATING ELECTRICAL ENERGY USAGE

(AUDIT) FOR A TYPICAL RESIDENCE

DIRECTIONS:

Upon completion of the post—check evaluation, the instructor in consultation
with the learnmer will determine the degree of competency achieved. Discrepancies
that would hinder the learner's ability to achieve with a certain degree of suc-
cess those applied activities set forth in this module will be required to perform
Iadditiqnal learning activities.

POST~CHECK PROBLEM

1.

The following electrical information was taken from a heat-cooling unit.
1 Phase 208v

Cooling BTU 12000 BTU Heating cap. 9400 BTU

Motor Fan 1/6 hp.

Calculate the kilowatt hours used when the cooling compressor runs B0% of the

time during a2 3-day period and the fan motor runs continuously during the
same period.

Calculate the kilowatt hours used when the heater unit is on 70% of the time
during a 3-day period and the fan wmotor rums 85% of the time during this pericd.

For each form of energy list three pieces of electrical equipment for each
category.

a. Energy form

b. Electrical eguipment
1.
2.
3.

Energy form

Electrical equipment
1.
2.
3.

Energy form

Electrical equipment
1.
2.
3.




Energy form

Electrical equipment
1.
2.
3.




1455 kwh
1062 kwh

Heat

typical examples

1. space heater

2. soldering iron
3. slowfood cooker

motion

typical examples

1. table saw motor

2. Hi Fi equipment output
3. Sump pump motor

light

typical example

1. 1light bolt

2. picture of IV set
3. projector

Radiation
l. microwave oven
2. radio transmitter-

-~

3. X-Ray

POST-CHECK KEY
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DESIGN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION

Passive solar designed howes can provide exceptional emergy saviung and
comfort. Following the considerations presented in this module will zllow the
architect, builders, and home owner factors to use in achieving the best design.

TERMINAL PERFORMANCE OBJECTIVE

At ‘he conclusion of this module the student will be able to prepare a list
of design criteria to be counsidered or emplovyed in an energy efficient residence
which utilizes passive solar/thermal mass construction techniques.

Ag a result of earlier study or practical experience, you may already have ’
a good understanding of energy efficient design techniques. You may wish to
take the pre-check to determine the extent of your knowledge on this topic.
More than one incorrect response in any section of the pre-check will require
completion of the appropriate instructional package.

A final grade of 90% is required on the Post—Check to demopstrate an accept-
able knowledge of this topic.

INSTRUCTIONAL PACKAGES - KNOW NEED

.

Building Site as a Design Counsideratiom
for Passive Solar Homes

Shape and General Design Counsideration
of an Energy Efficient Passive Solar
Home

Construction Details of a Passive Solar
Home




PRE-CHECK

DESIGN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION

Directions: This pre-check is in three sections. More than one incorrect

IpP-1.

IP-2.

response in any section suggests an unsatisfactory understanding
of that sub-topic and will require the student to pursue study of
the appropriate instructional package(s) and successful comple-
tion of the post-check. .

Building Site as a Design Consideration for Passive Solar Homes

Site selection is the first and oftenm most important consideration for
any enerzy efficient building. Generally, a passive solar residence
should be located to receive direct sun in the winter from:

A. 7 a.m. to 5 p.m. C.. 6 a.m. to 4 p.n.
B. 9 a.m. to 3 p.m. D. 8 am. to 5 p.m.

Most experts agree that a building'site should be ideally located on a

A. flat lot C. south sloping lot
B. north sloping 1lot D. west sloping lot

A building site with natural trees can be helpful if:

A, None of the trees are too tall

B. Evergreens sre to the north side and deciduous to the south C.
Evergreens are on all sides -

D. Deciduous are on all sides

Climate is a major factor in site selection.” The major climate zones
in the United States are generally recognized to be:

A. Cold, temperate, hot—humid, hot-arid

B. Cold, temperate, tropical

C. Frigid, temperate, sub-tropic, tropical
D. MNorthern and southern zones

Shape and General Design Consideration of an Energy Efficient Passive
Solar Home

Generally, experts agree that a well designed passive solar building
will be:

A. As close to square zs possible

B. Square with maximum glass to the south
C. Elongated N-S orientation

D. Elongated E~W orientation




PRE-CHECK (Continued)

DESICN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT
RESIDERTIAL CONSTRUCTION

Buildings with shapes which disregard the impact of the sun may re-
quire: -

A. Excessive amounts of energy to heat C. Both A and B

B. Excessive amounts of energy to cool D. None of the above

Traffic patterns in a residence should be carefully planned for a
-maximum hall space, not to exceed of the total area of the
house:

A. 10% c. 17%
B. 153%° D. 4%

Generally, rambling strr -res are being replaced with:

A. Cubical buildings with a2 maximum surface area and minimum roof
area

B. Cubical buildings with a minimum surface and roof area

C. Dome buildings

D. Saltbox designs

Construction Details of a Passive Solar Home

A thermal mass such as a masonry wall or floor camn be very effective
in:

A. Storing heat C. Both A and B
B. toring cold D. Blocking out cold winter winds

The sizing of an interior thermal mass wall is critical to insure
it is:

A, Not too large for the interior room area

B. Not too large for the amount of south wall glass area
C.  Both A and B <o

D. - None of the above

Entry air locks are proven effective in preventing heat (or cold)
from escaping from a building by as much as:

A, 5% c. 10%
B. 3% D. 18%




PRE-CHECK (Continued)

DESiGN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT

RESIDENTIAL CONSTRUCTION

The minimum recommended side wall insulation in new residence con=

struction 1n a "cold" climate is:

A. R3D C. Rl11
B. R% D. R19

New house construction should have:

A. Double pane insulated glass windows C.
B. Weatherstripping on all ‘doors D.

Vapor barriers
All of the above




PRE-CHECK KEY

DESIGN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION

Building Site as a Design Consideration for Passive Solar Homes

Shape and General Design Consideration of an Energy Efficient Passive
Solar Home

Construction Details of & Passive Solar Home




DESIGN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION

IP-1. Building Site as a Design Consideration for Passive Solar Homes

OBJECTIVES

Upon completion of this instructional package, you will be able to:

List at least four (4) important considerations for a building site
an energy efficient passive solar home.

Prepare a simple technical sketch, to scale, which will demonstrate the
considerations in A" above.

One of the first building design considerations for an energy efficient
passive solar home is the building site.
RESCURCES
Books:

The Passive Solar Energy Book. Mazria, E. Rodale Press, Emmaus, PA: 1979,
PP- 73. .

Architectural Drafting and Desigﬂ. Weidhass. Boston, MA: Allyn and Bacon,
1978.

Design and Construction Handbook for Energy Saving Homes. Wade, Alex. Emmaus,
PA: 1980, pp. 20.

Pamphlet:

DOE/IR/0605-1 Part I
Providing for Energy Efficiency in Homes and Small Buildings. June 1980,
pp. 36-38.

Film:

The Solar Builders - and/or Solar Design. Free from National Solar Heating
and Cooling Information Center, P.0. Box 1607, Rockville, MD 20850.




ACTIVITY

A

Utilize one or more of the resources on rhe preceding page as may be neces-
sary.

Attend a lecture on the topic of solar home orientation. Use information
sheets from reference pawphlet Part I, pages 49-56.

Sketch in pencil a simple building lot with a residence located appropri-
ately on the let. This exercise may be,real or hypothetical. Use an 8 1/2
x 11" piece of bond paper with a light 1/4" grid. Select an appropriate
scale. Show the direction of the slope of the lot, N-S orientation, shape
of the building foundation, landscaping features, and approximate lot and
building dimensions.

FEEDBACK

Objective A Check:

1.

As soon as you have completed the '"B" activity, wmeet with your instructor
to discuss any questions you may have relative to the topic.

Objecitve B Check:

2.

Have your instructor check your sketch activity 'C" as soon as it is com-—
plete.

Instructor's Approval




DESIGN CRITERIA FOR PA§SIVE SOLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION

IP-2. Shape and General Design Considerations of an Energy Efficient Passive
Solar Home
OBJECTIVES

Upon completion of this instructional package, you will be able to:

Prepare a comprehensive listing of at least six (6) important building
shape-general design criteria.

Prepare a simple sketch demonstrating as many of thesé princip1es as
possible.

The building shape and geuneral design of an energy efficient passive
solar home is of course very critical if it is to function as desired.

RESOURCES
Books:

The Passive Solar Energy Book. Mazria, E. Emmaus, PA: Rodale Press, 1979.
p- 79-83.

From the Ground Up. Cole and Wing. Boston: Atlantic, Little, Brown Pub.,
1976, p. 13-48. .

Solar Dwelling Design Concepts. - AlA Research Corp. Supt. of Documents, St.
#023-000-00334-1, 1976. :

Pamphlet:

DOE/IR/07065-1 Part I. Providing for Energy Efficiency in Homes and Small
Buildings, June 1980, p. 56-65.

Slides:

Passive Solar Slide Show w/ Audio Cassette by Total Environmental Actiom, Inc.,
Church Hill, Harrisville, NH 03450.




ACTIVITY

A, Utilize one or more of the resources identified on the preceding page as
may be necessary.

B. Attend a lecture on the topic of building shape and general design for
passive solar homes. Use information sheet, reference pamphlet Part I,
pages 58-60,

Identify a local contractor who has had considerable experience in building
this type of home. Contact this person and arrange to visit one or more of
the homes he has built which are good examples of passive solar design.

Contact another source such as the local Audubon Society, an architect,
local power and light company, or gas company to learn what resources they
may have to assist you in locating other examples of good passive solar
homes which you may visit and/or learn about with respect to floor plams
and general shape.

Sketch on 8 1/2 x 11" bond paper a simple floor plan of a passive solar
residence you have visited or designed. Use a separate sheet for each
floor and a separate sheet for the front and one side elevation. Select a
suitable scale and provide dimensions for the outside total §ize and in-
dividual home sizes. Keep the major living areas to the south side of the
building w/utility areas and bedrooms to the back. The maximum hall area
should not exceed 10% of the totzl building. Incorporate an entry airlock,
no windows on the north wall, at least 6" wall thickness w/&" on the north
wall preferred.

FEEDBACK

Objective A Check:

1. Meet with the instructor of the lecture you attend in part "B of activi-
ties as soon after the presentation as possible to resolve any questions
you may have regarding that lecture.

Objective B Check:

1. Have your instructor check your sketches and discuss them with you as soomn
after they have been completed as is reasonable. .

2. it may be advisable to discuss your sketches with the builder you contacted
in activity "C" to benefit from that person’s specific ideas.

Instructor's Approval




DESIGN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION
IP-3. Construction Details of a Passive Solar Home
OBJECTIVES
Upon completion of this instructional package, you will be able to:

List at least ten (10) major factors which should be considered and
employed in any passive solar/thermal mass honmes.

Explain the pros and cons of utilizing the concepts, techn1ques, or
materials identified in "A" above.

Prepére cost factors for each item in "A" above to show the approximate
payback period for each.

There are many specific and important construction details to be carefully
considered in passive solar/thermal mass homes.
RESOURCES

See resources listed in IP-1 and IP-2 as well as the following:
Books:

From the Walls. Wing, C. Boston, MA: Atlantic, Little, Brown, C;., 1979.

Degigning‘and Building a Solar House. Watson, D. Charlotte, VI: Gardenway
Pub. Co., 1977.

Pamphlets:

Technical Booklet~Insulation. Owens/Corning Fiberglass #7.14/0w.

Insulation Guide for Homes and Apartments. Carolina Power and Light Co.,
Raleigh, NC, 1979. )

Energy Sav1ngs-Do It With Windows-Heat Pumps-Weather Proofing. A Technical
Series from NC Emergy Div., P.O. Box 25249, Raleigh, NC 27611..

Solar Fact Sheets. Passive Solar Heating-Cooling, Storing Solar Heat — Windows
and Energy Conservation From: US Dept. HUD, Wash. DC 20025,

" Window Quilts. Appropriate Technology Corp., P.0. Box 915, Battleboro, VT
05302.

DOE/IR/06065-1 Part I. Providin ng for Energy Efficiency in Homes and Small
Buildings. .June 1980, pp. 60-71. -

365




A.

ACTIVITY

Attend one or more lectures on Construction Details for Passive Solar/
Thermal mass homes. Use information sheet reference DOE Pamphlet, Part I,
pages 60-71.

Visit experts who sell, install, and service products (building materials
and related items) which would likely be incorporated into a passive solar/
thermal mass home. Specifically, obtain literature and a working knowledge
of at least one of the following items:

1. Insulated doors and windows
2. Thermal floor and wall materials
3. Greenhouses : i
4. Insulation {consider several types including fiberglass, cellu-
lose, styrofoam, ureaformaldehyde, etc.)
Heat pumps
Wood/coal burning stoves (air-tight variety)
Low water - no water toilets
. Low volume shower -~ faucet heads
.  Window shutters - thermal blankets (quilts), etec.
10. Timers for water heaters
11. Timers for heating-air conditioning systems
12. Automatic thermostat setbacks
13. Paddle fans
14. Location - gas water heaters
15. Vapor barriers
16. Land scaping for energy savings
17. Pilotless gas heaters — stoves - water heaters
18. Weather stripping — caulking

Carefully consider the cost effectiveness of all the items in "B" above
that you would use in a passive solar home of your own. Prepare a simple
chart showing the approximate payback period for each of these items.

For each of the items in "B" above prepare a list of those items you would
definitely use in a new passive solar home of your own. For each item you
select, give a source to purchase it and a cost of the items installed. If
it is possible to purchase and install the item yourself, give the cost of
the unit only. . -

Prepare a list of any other energy efficient cost effective items you be-
lieve to be appropriate for a passive solar/thermal mass home. For each
item give a resource and approximate cost, if known.




Objective A Check:

“

1. As soon after attending the lecture (in Activity A) meet with the instruc-—

tor to clarify any question you may have relative to the material pre-
sented and the topic in general,

Objective B Check:

1. Check with your instructor in locating experts who have products or ser-—
vices of an energy efficient nature.

Objective C. Check:

1. When you have completed the lists in Activities C, D, and E, present them
to your instructor for comment and evaluation.

Instructor's Approval




POST-CHECK

DESIGN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT
RESTDENTIAL CONSTRUCTION

Pirections: Respond to these questions by selecting the most correct answer.
Place your answer on the line immediately to the left of the
question.

The heat loss of a house is directly proportional to:

A. The number of people who generaly live on the second floor
B. The exterior surface area

€. The color of the roof shlngles

DP. The ratio of 1:5

The "R" value of a building material is the measure of the:

A. Resistance to heat flow through it
B. Resistance to cold flow through it
C. Both A and B

D. "Rating" of thermal conductivity

It would be common teo have air changes per hour in an energy
efficient house:

A. 4-6 . C. =2
B. 3-5 ' b. .1 to 0.3

Generally, a passive solar home would have no windows or doors on the:

A. N-E side C. N-W side
B. N side ' D. S-E side

Solar gain is:

A. Available only in the summer

B. Available only on bright sunny days

C. Heat from the sun

D. Available only ywhen the house faces magnetic south

example of thermal mass would be:

Any masonry, stone, brick, water, slate, etc. surface whlch
would receive and retain solar gain

Any glass surface

Any roof surface

None of the above

368




POST-CHECK {continued)

DESIGN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION

The orientation ©f a2 home on a building lot is critical for a passive
solar home. Probably the most important factor of orientation is to
have: ' :

A. The building on a slightly sloping lot facing south-.
3. Toun water and sewage

C. Berming

D. Tall trees in front

Generally, experts agree that triple pane glass is:

A. Advisable in most situations

B. Useful on the south wall

C. Always cost effective ‘on north walls
D. Rarely cost effective

A greenhouse is capable of providing:
A. Comfortable living space

B. Additional heat in winter

C. A place to grow North Carolina yams
D. All of the above

A simple "'plot plan" should provide:

A. N-$ orientation reference Important dimensions
B. Location of buildimg(s) on lot All of the above

Vapor barriers are commonly of:

My

A. 10 mil polyethylene C. 1-2 Mil kraft paper

B. 4-6 mil polyethylene D. Foil faced R30 insulatien

When .selecting a furnace for forced warm air:

A. Select a.slightly oversized furnace
B. - Select a slightly smaller capacity furnace than design load

C. ' Select the same size as design load
D. Always add a heat pump i

i




POST-CHECK (continued)

DESIGN CRITERIA FOR PASSIVE SQLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION

Automatic setback thermostats:

A, Should be used with heating systems C. Both A and B
B. Should be used with cooling systems D. Are not cost, effective

Wood stoves are frequently a good source of additional heat in a
passive golar home. Probably the best type to use is:

A. Sheet metal C. A barrel type
B. Air tight D. Made of heavy boiler plate

Passive solar homes frequently make use of a longer than usual roof
overhang:

A. On the south side C. On all but the north side
B. On all sides D. On cthe north side only

Passive solar homes often need some type of movable insulation for
south facing windows for night use. It should be possible to add an
"R" value within the range of with one or more off the shelf
techniques:

A 1-3 c. 8-12
B. 3-5 D. 19

Domestic hot water systems are usually a very major energy user. To
minimize this energy consumption the builder should seriously consider
using: -

A. Quick recovery electric hot water heaters C. '"Demand" systems
B. O0il fired units D. None of th= above

~

Heating and cooling ducts:

A. Should always be insulated
B. Should always be over ceilings

C. Should not need insulation

D. Should be insulated if located outside the heating/cooling enve-
lope

The best type of caulking material for sealing electrical outlets and

metal window frames is:

A. Silicone rubber ~ C. Butyl rubber
B. Acrylic latex D.  Mortar patch




' POST-CHECK (continued)

DESIGN CRITERIA FOR PASSIVE SOLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION

In climates where there is a marginal need for air conditioning, a
suitable solution may be:

A. More insulation C. Paddle fans
B. Shade trees on south side D. Any or all of the above




POST-CHECK KEY ~

DESIGN CRITERIA FQR PASSIVE SOLAR ENERGY EFFICIENT
RESIDENTIAL CONSTRUCTION

-B
A
c
B
c
A
A
D
D
D
B
c
c
B
A
c
c
D
A
D
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HOME ENERGY EFFICIENCY SYSTEMS

p—

While energy alternatives are being researched, ncw more than ever, we
need to be energy conscious. Energy conservation begins at home and includes
the analysis of energy efficient systems. This instructional module will pro—

vide you with information pertaining to energy conservation by analyzing energy
efficient systems.

TERMINAL PERFORMANCE OBJECTIVE

Upon completion of this module, you will be able to identify, define, and
analyze existing energy efficient systems and design an energy efficient home.

INSTRUCTIONAL PACKAGES ' KNOW NEED

IP-1. Terminology: Energy Efficiency

IP-2. Factors of Ceiling and Attic Efficiency

IP-3. Hot Water Systems and Plumbing

IP-4. Space Heating and Cooling as Alternative
Energy Systems




PRE~CHECK

HOME ENERGY EFFICIENCY SYSTEMS

Directions: Answer the following questions true or false. Check your answers
with the Pre-Check Key. If you successfully answer the questions
for each instryctional package, you may choose to go to the next
package with the instructor's supervision.

Terminology: Energy Efficiency

The Organization of Petroleum Exporting Countries is an organization
that aims at developing common cil-marketing policies.

In a factory, steam needed for industrial processes or space heating
is first run through turbines to generate electricity.

Efficiency is the ratio of useful work to energy input.

A year's supply of energy for 10 million automobiles is equal te a
quad of energy.

Alchough a direct solar system, passive solar design is operated by a
commitment to operate manual conctrols.

Factors of Ceiling and Actic Efficiency

All insulation has vapor barriers.

10 inches of attic insulation has an R-value of 30.

As the rest of the attic, attic doors should be insulated.

The effectiveness of insulation is measured by R-values.

Batts refer to insulation blankets.

Hot Water Systems and Plumbing

Collector location and pre-heat tank location are included in the
physical requirements of the hot Hp0 system.

Types of materials are important factors in considering plumbing
fixtures.

Sewer lines and vents can be either plastic or cast irom.




PRE-CHECK (Continued)
HOME ENERGY EFFICIENCY SYSTEMS
Approximately 20% of your total fuel »ill 33 accounted for in heat-
ing water.
Your hot Hy0 thermostat should be set the same whether or not you have

a dishwater.

Space Heating and Cooling as Alternative Energy Sources

L

“Space heating is accomplished by burning fuels in mechanical equip-
ment.

Most heating systems, despite differences in design, use three types
of energy: gas, oil, and electricity.

Heating consumes about 68% of all energy used in buildings.

Cooling consumes less than 5% of energy used in homes.

The two main types of air conditioners are absorption and compres-
sive refrigeration.

4

»




PRE-CHECK KEY

HOME ENERGY EFFICIENCY SYSTEMS

Terminology: Energy Efficiency

1.
2.
3.
4.
5.

Ceiling and Attic Efficiency Systems

1. F
2. T
3. T
4. T
3. T

Hot Hy0 and Plumbing Systems

i TN
2.
3.
4.
5.

Space Heating and Cooling as Alternative Energy Sources

1.
2.
3.
4.
5.




HOME ENERGY EFFICIENCY SYSTEMS

IP-1. Terminology: Energy Efficiency
OBJECTIVES

Upon completion of this instructional package, you will be able to:
A, Define terms associated with energy efficiency.

B. Identify passive solar and active solar design systems.

RESOQURCES
Books: -

The Solar Home Book, Heat1n§ Cooling, and Designing with the Sun. Anderson,
Bruce. Chehsire Books: Harrisville, NH, 1976, Chapter 1.

Energy, Special Report. National Geographic. February 1981.

Building an Energy Efficient Home. WNorth Carolina Community Colleges Program
Development, Department of Community Colleges. (Course Outline and In-—

structional Materials), 1979.




ACTIVITY
Do each one of the activities listed below.
Review the resources that are listed.
In one or two sentences, define these terms:
H Efficiency
2. Photovoltaics
3. BTU
4. Renewable Energy Source
5. Quad
6. Cogeneration
7. OPEC
8. Synfuels
Compare the answers in activity "B" with the Pre-Check for IP-1.

Define passive solar systems and compare them to active solar systems.

Read chapters four and six of The Solar Home Book.

FEEDBACK

Answer guide to aetivities B and D.

Objective A Check:

Efficiency — The ratio of useful work or energy output to total work or
energy input.

Photovoltaics — The process by which radlant energy is converted directly
into electrical energy using a solar cell.

BTU (BritisH® Thermal Unit) - The amount of heat necessary to raise the
temperature of one pound of water one degree Farenheit.

Renewable Energy Source — One that is constantly or cyclically replenished,
including direct solar energy and indirect source%%%uch as
bio-mass and wind power. !

Quad - A quadrillion BTU's. The energy contained in 8 billion gallons of
gasoline, a year's supply for 10 million augcmoblyes.

Cogeneration - The production of two useful forms of energy from the same
process. For example, in a factory sseam needed for indus-
trial processes or space heating is first run through tur-
bines to generate electricity.

OPEC - The Organization of Petroleum Exporting Companies, 13 pations that
aim at developing common oil~marketing processes.




FEEDBACK (Continued) -

8. Synfuels - Fuels synthesized from sources other than crude oil or nacgural
gas and used in place of them or their derivatives, primarily
for ctransporcation and heating boilers.

Qb jective B Check:

- D. A passive solar system includes a solar heating or cooling system that
uses no external mechanical power to move the collected solar heat. It
differs from an active system in that an active system requires pechanical
power to move the collected heat.

Q . 359




HOME ENERGY EFFICIENCY SYSTEMS

IP-2. Ceiling and Attic Efficiency Systems
OBJECTIVES

Upon completrion of this instructional package, you will be able to:

List the effects of ventilation in attics.

Given the U-value of the material shown in the c¢ross section of a wall,
calculate the total R-Value.

RESOURCES
Books:

Tke Solar Home Book, Heating, Cooling, and Designing With the Sun. Anderson,
Bruce and Michael Border. Harrisville, NH: Cheshire Books, 1976.

Pamphlets:

DOE/IR06065~1 Part I, Providing for Energy Efficiency in Homes and Small Build-
ings. DOE, June 1980, p. 70.

Energy Saving Is Having Insulation. North Carolina Energy Divison, DOE, EPCA,
PL94-163.

Al Ubell's Energy Saving Guide for Homeowners. Warner Books, New York, 1980.




ACTIVITY ™

Study the resources listed concerning ceilings and attic systems.
Explain the importance of vapor barriers.

Diagram a cross section of an exterior stud-wall to equal an R-value
11-12.

(4) Insulation

(1)

(3) 1/2" Sheathing

FEEDBACK
Answers to activities "B" and "C".

Objective A check:

1. Warm air holid more moisture than cold air. When that warm, moisture-laden
air hits thé cold surfaces in unheated protions of the attic and walls,
dew forms. :But if you can place something to stop the moisture between the
cold surface and the heated air. dew will not form. Insulation will not
do that job by itself. Most insulation materials collect the moisture.

So you need to install a vapor barrier between the warm portions of the
house and the insulation.

Objective B Check:

1. Compute the total R-value for the following wall section:




FEEDBACK {(Continued)

Brick Siding

Polyurethane Board ‘

RO Y T K K AR R A AN

e R E A

ZXC V ‘.

W
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77 LIL L LT T T

NN

Air Space

Fiberglass Batt

|

SI1ZE R-VALUES

Plaster

MATERIALS

-k
Mk .,
A
\‘

A

!

*Re fer tofbhart on Page 98 of The Sola

r Home Book to get R-Values

and to Resource Pamphlet DOE IR06065-

1 Part 11, pages 49-66.




HOME ENERGY EFFICIENCY SYSTEMS

IP-3. Hot Water Systems and Plumbing

OBJECTIVES

Upon completion of this instructional package, you will be abfe to:
A. Evaluate existing home systems that are energy efficient.
B. -Idéntif? a good home conservation system design.

C. Review activfﬁy answers with the IP-3 Pre-Check.

RESOURCES
Books:

The Solar Home Book, Heating, Cooling, and Designing With the Sun. Anderson,
Bruce and Michael Border. Harrisville, NH: Cheshire Books, 1976, p. 208.

Pamphlets:

Building an Energy Efficient Home. Dilday and Dixon. Course Outline and In-
structional Materials. June 1979, DOE PL-94~163, PL-94-385, EPCA.

Energy: Saving is Having, Hot Water Systems. Noxth Carolina Energy Digiéion,
DOE, Energy Policy and Conservation Act, PL-94-163.




‘Defend the necessity of insulating water heaters for efficiency.

ACTIVITY

Review resources.

Determine how effective thermostatically controlled hot water heaters are.

Determine the approximate percentage of heating hot water on a total energy
bill. . .

Investigate household needs of setting the thermostat.
Review washerless water tap valves and make a value judgment as to their
worth in energy conservation.

FEEDBACK °

Answer to activity questions B - F.

"Dbjective A-B Check:

1.

A thermosratically controlled hot water heater is & simple device which
{1) heats water automatically and (2) stores heated water. In many hot
water systems, less than half the energy consumed by the heater actually
results in hot water at the tap. Some of the energy is lost as the heated
water tank slowly cools off, some of the heat is lost up the flue (in gas
heaters), and some .of the heat is lost through distribution.

By wrapping the outside of your water heater with insulatiom, you can cut
your heat losses by 50% and cut 10% - 20% off water heating costs. it's
simple to do and will keep the water hot until it reaches the tap.

Approximately 20% of your total fuel bill is for heating hot water.

A thermostat setting of 120° is sufficient for most homes without a dish-
washer. A setting of 140° is recommended if there is a dishwasher in the
home. . ) ,

A washerless valve uses two gem—-smooth ceramic disecs instead of washers and
seats. Washerless faucets eliminate water leakage which can account for 5

. = 10% of residential water consumption.




HOME ENERGY EFFICIENCY SYSTEMS

IP-4. Space Heating éﬁd-Cooling as Alternative Energy Systems
QOBJECTIVES

Upon completion of thisiinscrudtional package, jﬁuhwill be able .to:
Research home space heatlng and cooling to compare WLth other energy effi-
cient systems. -

Develoﬁ an energy efficient home.

" RESOURCES
Books:

Other Homes and Garbage. Leckie, Jim et al. San Francisco: Sierra Ciub Books,
1975, p. 144-146.

]

The Solar Age Rescurce Book, ed. of Solar Age Magazine. New York: Everest
House, 1979, p. 135-126, 75-81.

Pamphlets:

" Building an Energy Efficient Home. Coﬁrse Qutline and Instructional Materials,
North Carolinz Department of Community Colleges, Program Develgpment, 1979.

DOE/IR/06065-1 Part I, Providing for Erergy Efficiency in Homes and Swall Build-
ings. DOE, June 1980. ) ;




ACTIVITY

P Study Part I, "Providing for Energy Efficiency in Homes and Small Build-
ings."” . . : :

. Read resources for IP-4.

Review all instructional packages and resources.
* -

List criteria for developing an emergy efficient home system.

"

o

"FEEDBACK

Objective A-B Check:

1. it is essential to consider the following factors for an energy efficient
home system: * -

Heat

Insulation

Windows and Doors
~Water Heating and Usage
Ventilation and Air
Lighring .- L
Types of Insulation
Vapor Barriers
Weatherstripping
Caulking :
Landscaping .

- _Roofing and Siding

-




: POST-CHECK i
HOME ENERGY EFFICIENCY SYSTEMS

N

Directions: Provide the appropriate response to each test item that Correctly
‘ answers/completes the statement.
The production of two useful forms of energy from the same process is:

A. Renewable energy source ‘ .C. Cogeneration
B. Synfuels

About 2 quartef of a calorie equals:
A. A quad : B. A BTU

" Active solar systems use no external mechanical power to move col-
lected solar heat.

True \False

The total U-value of a ce111ng is:

A. The R-value- of insulation plus 31d1ng ‘thickness
B. Printed on a2ll materials that comﬁ?ise a ceiling

C. Equal to the reciprocal total R-values of all the materials used
'in the ceiling structure.

' Ventilation is essentially:

A.- The controlled intake of fresh air D. All of the above
B. Circulation E. A and B only
C. Exhaust ’ B .

Name the basic types of ventilation.

By wfapping the outside of "your water heater, you can cut heat losses
by:

= =

A, 25% B. 75% ° . €. 50%-

Tﬁe;mostatically controlled hot water heaters:

A. Heat water automatrically C. Both & and B
‘B. Store heated water :




POST-CHECK {(Continued)

HOME ENERGY EFFICIENCY SYSTEMS

Your total fuel b111 for hot water is approxrmately.

-

AL 15% ,B. 35?— : C. 20%

- . - ‘;l

Solar collector location and pre-heat tank location are included in
the physical requirements of the hot water system.

True ‘ False

I1f you have a dishwasher, it 1s more energy efficient to keép your
thermostat setting the same as if you did not have a dishwasher.

’

True Ezlsg

Of all energy used in hoﬁes, heat consumes about:

A 50%. B, 35% c. 752 D. 68%

- . L

The two main types of air cond1t1oners are absorpt1on and compressive
refrigeration. : ‘

K

" True _ False

Name the three types of energy used in most home space heat1ng sys-'
tems.

£ -
List five {5) influencing facfors to c0n31der in energy efficiency
home construction. " L




POST-CHECK KEY

HOME ENERGY EFFICIENCY SYSTEMS

*
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ENERGY EFFICIENT MATERIALS, PART I.

INSULATION, VAPOR BARRIER, CAULKING AND WEATHERSTKIPPING

ki T -

The home owner who has a’ sufficient quantity of propetly installed 1nsula—
tion realizes two major benefits: greater confort and less energy consum
‘Insulation is important because it conserves our nation's natural resources and -
lowers heating and cooling costs. As energy resources continue to diminish,
its costs will increase and the savings realized will accumulate.

TERMINAL PERFORMANCE OBJECTIVE

Those who study this module will be able to:

Identify the various types of insula:ion vapor barriers, wea:herstripping
and caulking.

List factors to be considered in the selection and placemen: of weatheriza-
tion materials. <«

- .
- e
- .

INSTRUCTIONAL PACKAGES

'IP-1.  Types of insulatiomn, vapor barriers,
wea:herstripping and caulking to use

‘IP-Z. " *How much inSUIa:ion to use

IpP-3. ‘How much vapor barrier, weatherstripping
and caulking to use

e B

IP-4. From a set of house plans tell where to
" . place weatherization materials as shown in
IP-1, IP-2 and IP-3,

A




- PRE-CHECK -
ENERCY EFFICIENT MATERIALS, PART I.

INSULATION, VAPOR BARRIER, CAULKING- AND WEATHERSTRIPPING

DIRECTIONS : ,Place a T for all true statements and a F.for all false statements.

If you miss any question in the various IPs, please complete
that instructional package,

.

IP-1. Types ‘of insulation, vapor barriers, weatherstripping and caulking to
use T i —_— ,

Fiberglass is fire resistant.
A céntractor is not required to install insulation.
‘{Blown insulation is installed under pressure.

-

Loose f11l1 comes in bags.

Fiberglass 1s not the most common of all insulators.

6. Boards are pre-cut to standard size.

Y

How much insulation to use

"R value measures resistance to penetration.

Vapor barriers are applied to the warm“side of the insulation.

" To deté;mine the area of your floor to be insulated-you would mul ti-
ply the length times the width.

Lengtﬂ times height plus 3' = area is the formula to use when
figuring insulstion for the crawl space.

How much vapor barrier, weatherstripping and caulking to use

~ Weatherstripping is placed around foundations énd co;nicés.

Caulking is used to smooth joints between bricks.

E)

Caulking comes in tubes. . - o

Ureé-formaldehyde foam is pumped into wall cavities.




IP-4. From a set of house plans _ts l:ell where to_place weal:herizal:ior materials
as shown in Ip-1, -2 and “and IP-3

There are three types of vapor .barriers.

Reock or mineral fiber is much like fiberglass. -

Blankets come in rolls.

Boards are pre-cut to standard siz%.




PRE-CHECK KEY
ENERGY EFFICIENT HAIERIALS

IhSULATION VAPOR BARRIER, CAULKING AND WEATHERSTRIPPING

Types of Insulation, Vagpr Barriers, Weathers ipping and Caulking
to Use .

True
True
True
True
False
Téné

-

How Much Insulation to Use

l.. True .o .
2. True
3. True
4. True

-

How Much Vapor Barrier, ﬁeatherstripping and.baﬁlkigg;to Use

1. False . : -
2. False
3. True
4, True

From a Set of Home Plans Tell Where to Place Wéatherization Haterials
Shown in IP~1, IP-2 and IP-3 -~ -

True .
True
True
True




'ENERGY EFFICIENT MATERIALS PART I:

.-

INSULATION, VAPOR BARRIER, CAULKING AND WEATHERSTRIPPING

IP-1. Types of Insulatioqi_Vapor Barriers, Weathersrrippiqg_and Caulking
to Use N .- »

OBJECTIVE " . .-

-

Upon ccmpletion of this instructiona; package, you will be able to:

A. Identify different types of 1nsulation vaper barriers, weatherstripping
and caulking.-

. Bs  Figure the "R" value of 1ns1.ila__l':ion materials.

RESQURCES
To help you reach your objective, use the following resourcés:
Books: - ' s g

-~

In the Baok.. . . or Up the Chimnew: by H.U.D., DOE/IR/06065-1-3.
. - * =

Providing. for Emergy Efficiengy in Homes and Small Buildings, Part IIY by U.S.
Dept. of Emergy, Junme 1980.

Modern Carpentry ‘by Wa"gner, Goodheéart-Wilcox.




ACTIVITY
Do each of the activities listed below:
“Compare the insulation qualities of the insulation materials as listed on

page 26, Providing for Emergy Efficiency in Homes and Small Buildings~
Part III by DOE.

-

Figure the "R" vaIue.Qshowing the above insulation materials.
"“M.

Mzke a drawing showing th\" \galue of 2 wall section without :Lnsulat:.on.
Make a drawing showing the "R" value ofxa\iall section with insulation.

List the three different types of vapor barriers.

List seven advantages of the different types of weatherstripping as listed )
on page 37, Providing for Energy Efficiency in Home and Small Buildings-
Part 111 by DOE.

List six problems and solutions when using different types of caulking.

FEEDBACK

Objective & Check:

1. Give the "R" value of.the materials listed below:

l&terials R-Value Per Inch

Fiberglass

Rock Wool
——Celluloge Fiber  _

Styrofoam

Ur ea~Formaldehyde

Polvurethane

-Show your drawing to your instruc l&or.
List three typeé of vapor barriers.

1. 2, .3,

List seven advantages of the different types of weatherstripping.
1 » H 2. I i 3 » i

4. - : 5. . 6.

7'

List six problems when using different types of caulking.




ENERGY EFFICIENT MATERYALS PART I

INSULATION, VAPOR BARRIER, CAULK G AND WEATHERSTRIPPING

OBJECTIVES

Upon completion of this instructional package, you will be able to.

- Determine how much 1nsulation to use in the critical areas of a house.

RESOURCES

To help you reach your objective, use the following resources:

Books:-'

Fraﬁing__heathing &nd Insulation by Delmar Publishers, Inc. ODE/IRIOGOGS-I—Z.

-

Providing for Ener _gz_Efficiency in Homes and Small Buildings—Part II1 by U.S.
Dept. of Energy, Junme 1980.

Modern Carpentry by Wagner, Goodheart-Wilcox,




ACTIVITY

S

Do each of the activities below by referring to your set of house plans.

A. Accﬁrately determine your attic area. If necessary, divide it into
rectangles and sum the areas.

B. How is blovm insulation placed in the walls? .

C. Determine the amount of insulation reduired'to insulate Your crawl space
walls using the formula as shown on page 54 of the text.

.D. Determine the area of your floor to be insulated by measuring the length
and vwidth and multiplying to get the area.

EEDBACK

"

Objective A Check:

1.. You would determine your attic area by multiplying the length times width.

2., Elowm insulation is placed<in the walls by boring a hole at the top of the
wall. '

: 3. The amount of insulation is determined by the following formula- (Length)
. x (height + 3t ) = area

4§ Show your calculations to your instructor.




ENERGY EFFICIENT MATERTALS PART I:

INSULATION, VAPOR BARRIER, CAULKING AND WEATHERSTRIPPING

IP-3. How much Vapor Barrier, Weatherstripping and Caulking to Use

OBJECTIVES
Upoﬁ completion of this inatructiomal package, you will be able to:

Identify different types of vapor bafriers, weatherstripping and caulking
to use. : .

LI

Determine how much weatherfzation material to use.

RESOURCES

To help you reach your objective, use the foilowiné TesQurcess:
Bo;ks:
éame as IP-1,

Brochures

[y

Anvone Can Do It: ' Total Home Weatherproofer's Guide by Macklanburg, Duncan Co.




ACTIVITY
Do each of the activities listed below:

Sketch a typical wall section in isometric showing where the vapor barrier
should be placed.

Review the information on resource broghure,Anyone‘can do It: Total Home
. Weatherproofer's Guide. - :

"Hhke a list of where a house needs to be _aulked.

Make a list of tools that vyou would need when caulking .your house.
List the safety. factors you should know when céulking yoﬁr house.
Make a rough estimate of the'cartridgés of caulking compoun&hrequifed.

Make a2 list of the amount of .weatherstripping that you would need for each
window and door in your house, .

FEEDBACK

Objective A Check:

1. Take a practical and paper pencil test over the resource brochure on
Weatherproofing — Percent of infiltration, Problem points, what to do,
work needed and solution. .

Objectiﬁe B Check{

Show your sketch to your instructor.
) Shog your list to your instructor.
Show your list.to your instructor.
Sfhow your list to your instructor.

Show estimate_to youf instructor.

Show list to your instructor.




-

| ENERGY EFFICIENT MATERIALS PART I:

INSULATION,: VAPOR BARRIER, CAULKING AND WEATHERSTRIPPING ' .

15—4. From Your Sert of House Plans, Place Niumbers Where You Would Place
Weatherization Materials as Shown ir the First Three Tnstructional

Packages . ’
OBJECTIVES

Upon completion of tbis instructional package, you will be able to:

A, Ins:all.correc:}y all weatherization material in your house,

-

-RESQURCES

To help you reach your objéc:ive, use the following-resources:

-

Books

"Architecture, Drafring and Design by Hepler.

Framing, Sheathirs and Insulation by Jones.

In the Bank or Up.che Cﬁiqneg by ﬁ.U.D.

Providing for Emergy Efficiéﬁcy in Homes and Small Buildings-Part III by U.S.
Dept. of Energy, Junme 1880, DOE/IR/06065-1.

x




"ACTIVITY

P S:gdy your house plans and make a 1list of each kind of window.
List the kind of weatherization material that you would use on each
window,

Q'Make'a lTist of the doors and tell what kind of weatherization material
you would use,

Make a 1list of the ﬁost critical places to caulk.‘
From your plans determine how and whete you would insulate youf attic,

What thickness of insilation would you have put in your exterior walls?

Where would you insulate your crawl space or basement?

’

" FEEDBACK
. - Objective A Check: - :

- .

Show your list to your instructor.

Show your list to vour instructor.

Show your list to your instructer.

‘Sﬁow your list to your instructor.

Have your instructor check your calculations.\J‘
You would put %2“ fibefélabs in your walls.

You would insulate your crawl space from the tops of the header down and
two feet out on to the crawl space,

-
L

.t

[




POST—CHECK ’
ENERGY EFFICIENT MATERIALS PART I.

INSULATION, VAPOR BARRIER, CHAULKING AND WEATHERSTRIPéINC

Match terms to definitionms: -

-
-

a, BTU ‘ : . - Rate of heat flow
~b. BTU/HR - ' ' . Heat flow by solar energy
. ¢. Heat flow by conduction L Undt of heat .
d. Heat flow by infiltration ' ' Heat flow through solids
e, Heat flow by radiation - Beat loss through air exchange

.

Match terms  to definitions:

a. Thermal conductivity (K value) .Heat transferred °
b. Thermal conductance (C value) ' * through a material
c. Coefficient of heat transfer (U value)_ ' 1 sq. ft,, any
d. Thermal resistarce (R value) - . » thickness
~ ) ' - Heat transferred
through a material -
1 sq. ft., 1 ft..
thick’
Resistance to heat
flow
Heat transferred
y through a wall .
‘section

»
- [

formula for heat flow-by copduction (Q C)} through a ;omposité wall is:

1/R+ (tz - tl) _

. Rl + R2

purpose of insulation is to:

increase heat transfer
reduce heat transfer
improve appearance

Energy moves from:
a. a high to a low temperature

b. 'top to bottom’
c. a low to _a high temperature’




. POST-CHECK

(Continued)

Insulation quality isusually based on the amount of:
a., glass }

b. vapor barrier

c. . alr space within :he insulation

"R" value is:

a. the resistance to air flow
b. the rate of heat transfer
c. the resistance to energy flow

Types of In8uiation are as follows:

Fiberglass

Rock wool
Cellulose
Polyurethane
All of the above

Characteristics of insulation to look for are:

a. Fire resistance
b. R-value

c¢c. Foam

d, All of the above

Fiberglass comes in:
a. Rolls
b. Batts
¢. Both

Forms of insulation are:
a. Blankets

b. Batts

c¢. Loose-fill

d. .Masonry

e. All of the above

The R value of insulation-sheachiﬁé}per inch thickness is:

4

10
& -
2




POST-~CHECK

. : . (Continued)

-
1

Cellulose fiber:

a. 1s fire resistant
b. must be treated for fire resistance
c. comes in batts :

Three types of vapor barriers are:

a. Polyethylene film

b. Aluminum foil’

c. Paints” B

d. All of. the above

Polyethylene film is available in thicknesses of:

b.. 3% to 4 inches

Paints are used as a vapor barrier:

: 9
2, in o0ld buildings
b.. in hallways
¢. in new construction
. " .
. . : -
Three advantages of caulk@ng and weatherstripping are to:

d
.

a. increase the U value of walls
b. Teduce the air exchange

¢. Teduce energy use

d. all of the above

Weatherstripping is used on:

a. doors and windows that open and close

b. cracks around window frames

c. Soffit vents : . . <
. Al caulking 1s the same:

a. True
.b. False




* POST-CHECK

. (Continued)

Weatherskripping and caulking should be dome:

a. as a last resort
b. frequently




POST-CHECK KEY,

‘Ib, 2e, 3a, 4e, 5d
\ -

1t, za, 3d, 4

a

b
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ENERGY EFFICIENT MATERIALS PART II

DOORS, WINDOWS, STORM DOORS AND WINDOWS, FLOORS
CEILINGS, ATTICS AND"LIGHTING

~ , . : .

e

_The module and related instructional packages were written with the
express purpose of making an individual more aware of energy efficient
. materials. An individual who works through the instruectional packages should
be able to select cofiponents to improve the energy efficiency of existing ‘
facilities.’

q
TERMINAL PERFORMANCE QBJECTIVE .
After completion of this module the individual should be able to identify
the elements that constitute energy efficient materials in doors, windows,
v storm doors and windows, floors, ceilings, attics and lighting.

INSTRUCTIONAL PACKAGES ' . - know NEED

1P-1. Energy: Efficiency of Materials Uséd in Doors
. . .
Ip-2. Energy Efficiency of Materials Used in Various
Windows .
1P-3. Energy Efficient Materials for Storm Doors
and Windows

LI

IP-4, Energy Efficient Materials for Floors

1P-5, Energy Efficient Materials for Ceilings
-and Attics

IP-6. * Enexrgy Efficient Materials Used 1n Lighting

3




PRE-CHECK

'DOORS, WINDOWS, STORM DOORS AND WINDOWS, FLOORS
" CEILINGS, ATTICS AND LIGHTING

a

Achievément of the terminal performance objective may be accomplished by one

of the following methods:

a) Taking the pre—-test for each of the six instructional packegeé with a 100%
score. This would indicate that you zlready possess the skills and knowl-
edge contained-in this module.

‘Finishing each of the instructional packages and making a satisfactory
score on each activity. :

Completing the post —test or check after completion of the six instruc—
rlnna_]__pagkage_s. .

DIRECTIONS: Answer the questions for each of the six ﬁreetests of the
instructional packages by circling T for all statements that are
" true and F for statements that are false, Have your answer sheet

checked by your instructor.
f .

' Energz_Efficiencyof.Matefials Used in Doors

The solid wooden door has 2 higher "R" value. than the steei clad
foam center door.

The hollow-core door is not the best exterior door.

1

The "R" value of a steel clad.foam‘center door 2" thick is 5.1.

The "R value of a 1" s50l1id wooden door is approximately 10.94.

ﬁnergy Efficiency of Materials Used in Various Windows

If you complete the queStions below with a 100% score then 8o to
1P-3 zpre-test.

The relationship of -an "U" value to a "R" value is:

U, b)) l-g ) R=1%x1U

R ] S
2. A single strength sheet of glasé is inch thick.
a)'% b) /8 e) 3/32 d) 5/32

3. The "R" value of a double glazed window is greater than that of a
single-glazed window.

a) True

b) False




PRE~CHECK

(Continued)

A triple glazed window has an "R" value three times as large as the
single glazed window. '

True
False

Energy Efficient Materials for Storm Doors and Windows

1. which of the following- combinations has the best "R" factor:
a) " thick single glazed glass

b) double strength double glazed (%" air space)

¢) dotble strength triple glazed (%" air space)

1v?QT—Which—oﬁ—the—ewo—combinations~has—che—besr "RY wralype:

a) double glass; separated by %" air space
b) double glass; separated by %" space

3. Wooden storm doors dre more effective in reducing heat loss than
metal doors. '

a) True

b) False

4. The Solar Transmission "U" wvalue for various thicknesses of glass

are: (Match "U" value with glass thickness)

a) " a) 0.84
" b) 1/8" b) 0.78
¢y k" ¢) 0.72
d) 3/8" d) 0.67

Energy Efficient Materials for Floors

l. Insulation should be installed in floors:
a) exposed to unheated areas only

b) wherever they are found :

¢) only if they are made of hardwood

2. Fle&ible insulation with vapor barrier backing has:
a) the vapor barrier installed toward the ground
b) the vapor barrier installed next to the heated side

3. What types of insulation are generally used in floors?
a) flexible. b) rigid ¢) reflective d) all of the above

é?-Leese—éi%&—%nsulation is not genefally used . In flooxrs.

a) True
b) False




'PRE-CHECK
(Continued)
Rigid insulation may be placed around tﬁe perimeter of a slab floor.

True
False

Energy Efficient Materials for Ceilings and Attics,

Blanket 1nsula:1on wzth a paper or .apor barrier (non~f011) backing
may be stapled:

to the outside of the joist b)'to the inside edge of the joist
either way : .

Recessed light fixtures must not be covered with insulation
True o
False

When using loose-fill insulation, vapor barriers are not required
True
| False

Rigid insulation (sheets) is used:
where the roof and ceiling are one such as.cathedral ceilings
between stories

A combinatlon of rigld and flexzble 1nsulat10n may be used in sloped .
ceilings framed with rafters

True 2

False

Vapor barriers should:

have holes punched for ‘air circulation

have no holes or torn places

Blanket insulation comes in rolls up to 3%" thick and 16" or 24"
wide ‘

True :

False

8. Batts insulatiop comes in sections up to 6" thick and 16" to 24"
wide

a) True

b) False

9. Insulation should be placed in the following ceilings:
af_ETIqEEillngs ’ ‘
b) only ceilings exposed to unheated atties or directly covered by roofs
¢) only ceilings directly covered by roofs




PRE-CHECK

(Continued)

10. Loose-fill insulation may be installed by
a) pouring b) flowing ~  ¢) either

Energy Efficient Materials Used in tighting

Which is 'the most energy efficient lighting? "
natural lighting b) electric lights ¢) gas lights

The two types of lights are
natural b) artificial .

Which of the artificial lights are the most enerzy efficient?
incandescent b) fluorescent ¢) high intensity

-




, PRE~CHECK KEY
ENERGY EFFICIENT MATERIALS PART II

DOORS, WINDOWS, STGRM DOORS AND WINDOWS, FLOORS,
CEILINGS, ATTICS AND LIGHTING

Eﬁergy Efficiencyof Materials Used in Doors

‘1. False
2. True
3. False
4. False

Energy Efficiency of Materials Used in Various Windows

1. B
2. C
3. True
4. TFalse

Energy Efficient Materials for Storm.Doors and Windows
1. ¢

2. B

3. A )
4. a-b, b-a, ¢~d, d~c

Energy Efficient Materials for Floors

1.
2.
3.
4.
3.

Energy Efficient Materials for Ceilings and Attics

.

1.
2.
3.
4.
5.
6.
7.
8.
9.

QPP Wm0




* PRE-CHECK KEY .
‘ (Continued)
ENERGY EFFICIENT MATERIALS PART I1 °

-

DOORS, ﬁINDOUS, STORM DOORS AND WINDOWS, FLOORS,
"CEILINGS, ATTICS AND LIGHTING™

-

A3

Enérgy Efficient Materials Used in Lighting

1. A

2. natural-artificial
‘3. B




ENERGY EFFICIENT MATERIALS PART II

DOORS,-?INDOWS,-STORM DOORS AND WINDOWS, FLOORS

; CEILINGS, ATTICS AND LIGHTING

F

"IP—lf Energy Efficient Materials Used in Doors

LI

OBJECTIVE : - o
Upon completion of this instruccional packege you will be able to:

A. Name the energy efficient macerials thac are used in the construction of .
doors. '

]

RESQURCES
Books:

Concepts in Thermal Comforct by M. David‘tgan, Englewood Cliffs, N.J.:
. Prentice Hall Ine. 1975 p. 63 ‘ '
4] ' .
Hbdern Carpencry (Rev. ed) by Willis Wagner, Homeweod Ill' Goodheart Willcox,
Ineu 1979 PP (chapter on Doors).

4

" Pamphlets:

Providing for Energy Efficiency . in Homes and Small Buildings, Part III, by
«U.S. Department of Energy, Washingtonm, D.C.: Officexof. Consumer Affairs,

o Education Divis;on 1980 “PP. 46-48. :

In the Bank or Up the Chimney, by U.S. Government Printing Offiee, an edition
Washington, D.C.™ Office of Policy Development and Research, Division of
Energy, Building Teehnolog§ and Standards, U.§. Dept. of Housing and Urban
Development, August, 1@77 pp. 8, 38. -

Information Sheet: for IF- .- (handout)

w




. ACTIVITY

A, Read the references listed above before attempting to do this activity.

Upon completion of the reading assignment fill in the chart below for
the various sizes of exterior doors.

DOOR TYPES

Solid,gooéen door

Solid woodes door

Solid wooden door

Solid wooden door .

Steel clad foam center door
Steel clad foam cenéer‘door

Steel clad foam center door

THICKNESS

cm inches -

2.5 1"
3.2 1yt
3.8 1%

2“

o
o
-

- Itt

"RY" VALUES
si (Us)




IP-1 Information Shegt

Doors T ;

. Exterlor doors are constructed of wood, metal or fiberglass. Doors made
of wood and metal have been-the two common _materials for a2 number of years.
Fiberglass 1is a relatively new material and little technical data is available
on it as to its insulation qualities. Doors affect the heat loss.or gain by
~ both condgction and air infiltration. A door, when installed properly vrith

weatherstripping and insulation of frame area, has a significant inSulating
factor.

-

Solid Wood Daors

t

Solid wood doors are made of solid planks or frames with panel ingerts as
a-decoration. ' The insert 1s often thinner than the frame and causes a reduc~
tiomw in the "R" factor or insulation value (Figure 1}.

=]

Solid Weoden Door

»Hollbw Core Doors

s !

‘Hollow core doors' construction consist of a basic frame and inserts
where the door handle and hinges will be placed. The hollow-core door is
seldom used as an exterior door except where the exit 1eads into an attached
garage where it would not be exposed to the outside elements. The door frame.
is‘usually facéd on both sides with 1/8" birch or mahogany veneer zs .thé
exterior surface skin of the door. Many hollow~core doors have a network of
co ated cardboard set on edge as astiffener for the door. The "R" values
of hollow-core doors are seldom 1isted since they are not recommended for
exterior use. . ‘ : Lo




Steel Clad Foam Core Doors

These ‘doors usually have a wooden frame and wood inserts where,the hard~
ware is normally attached ‘te the door. The remainder of the imside of the
~-door 1s filled with urethane foam. This is the best door for high insulation

values. This is the exterior door most often used by modern builders (Figure
2). ' - - T B - ’

FIGURE, 2




-

~

FEEDBACK: Activity of IP-1

) [
Objective & Check:

(=]

Door Types,- Thickness/R-Values

Type Door . . Thickness
v en  inches

4

Solid wooden door 2.5 1"
1Y .

Solid woolen door 3.2
Solid wooden door
Solid wooden door ) o

Steel clad foam center door

'Stee]l clad foam center door

Steel clad é%am center. door




"_ENERQY,EFFICIENT MATERIALS PART II

v

P
& : . 2

IP- 2. Egs?gy'Efficiency of HeteriaI; Used in Various Windows
| OBJECTIVE - IS )

Upon campletion of this 1nstruetional package, you will be able to:
1.

A, i Name the energy efficieney factors for various windcwe.

RESOURCES -, .

LS
L) ! -

Study the feollowing selected references before you attempt to perform the
activities for IP~2

- - - \ N 1

- Books.-
. . / . s . _
Construetion Materials and P?oeesses 2nd ed. by Don A, Watson, New York
MeGraw-Hill Book Company, (Gregg Div.}, !3878 PP. 235-242
Loncepts in Thermal Comfort by David M. Fgan, Englewood Cliffs, N.J.: Prentice"
Ball, Inc., 1975 p. 63. ' - \
. . . \
The Solar Home.Book by Bruce Anderson, Harrisville, N.H.: Cheshire Books, 1976
PP. 278-79. “ '

r

ASHRAE; Handbook of Fundamentals by American Seeiety of Heating“ﬁefrigera:ingv
"and Air-Conditioning Engineers, Inc. New York, N.Y.: American Soclety
of Heating, Refrigerating and Air~Conditioning Engineers, Inc., 1972,

r

Pamphlets.

a

Providing_for Energy Effieiengz_in Homes and Small Build ings, Part III'by U.S.
Department of Energy, Washington, D.C.: ~ Office of Consumer Affairs, '
Education.Division, 1980 pp. 41-46.° . :

In the Bank or‘Up the Chimmney by U.S. Govermment Printing Office (2nd ed.)
Washington, D.C.: Office of Policy Development and Research, Division
of Energy, Building Technology and Standards, U.S. Department of Housing
and Urban Development, August 1977 "pp. 8, -36. - T

. Instructional Sheets: for IP-2,I and IP-2,2

+
o
- L
-




~

* ACTIVITY

-

A. Identification of Window Types (Use instructional sheet IP-2,1) °
N . : D ‘
B. lUse instruction sheet IP-2,2 and review the réferences above for this
instructional package and then fill in ‘the blanks on the chart (on

attached sheet) . .o

PAFulToxt Provided by ERIC




* . R

INSTRUCTIONAL SHEET IP-2,1 Activity IP-2a
IDENTIFICATION OF WINDOW TYPES

Student Name N ‘ Score . /55

-

DIRECTIONS: Identify the window :yﬁes by printing the name under each picture,

= ESuar RN

oo | i

. iy o'

S

e E




KEY FOR INSTRUCTIORAL SHEET IP-2,1

Identification of Windows
unbie Hung
Horizontal Sliding
Casement
Advning o
Architectural Projected

Fixed Glase with Wood Stops

Louver or Jalousie:
Hopper

sement

sy
Bibmqggd".~é

T
N

.Ccmbithibn %rpjected and Hopper
. "; Yo -.“'

R ol -
1 s el ——

o= ¢ ER
e e : . s
- T o~ -

o
c -

points for gadh correct answer ~ Total possible is 55. points.




ACTIVITY .

Determining "R" values and/or "U" values of the following windoﬁ glass.

TYPE OF GLASS THICKNESS

' Clear 3 ' 1/8"
Clear . L'd
Clea; ‘ 3/8"
Clear ‘ . B

 Heat Absorﬁing |

Heat Absorbing

Heat Absorbi;g

Heat Absorbing

=

ad

RPN VALUE OF WINDOWS*

-

DESCRIPTION . WINTER
VERTICAL PANELS : "

Single Pane Flat Glass

Insulating Glass-Doubie
3/6" Alr Space
L™ Adr Space
" Alr Space
1 o1 e (2)
Insulating Glass Triple
3" Air Space
%“ Alr Space

Storm Window
1-4" Air Space

"U" VALUE

* ASHRAE - Fundamentals Handbook 1977
(1)In units of Btu/hr/£t3/°F -
2)Double and triple refers to number of panes of glass.

=




ACTIVITY IP~2,2 FEEDBACK KEY

Objective A Check:

<

DETERMINING "R"™ VALUES AND/OR ﬁU" VALUES OF THE FOLLOWING WINDOW GLASS

TYPE OF GLASS
Clear
Clear
Clea?
Clear
Heat Absorbing
Heat Abso;bing
Heat AbSorbiﬁg-

Hea:'Absorbing

THICKNESS:
1/8"
;f"
3 , 8 "
;2"

" U~VALUE .OF WINDOWS

DESCRIPTIION
VERTICAL PANELS -

Single Pane.Flac, Glass
|
Insulating Glass—dOublexglass
3/16" Air Space -
4" Air Space .
%" Air Space .

Insala:ing.G;ass—Triplé

s

[N

WINTER

"I YALUES

. "g" VALUE
.0.84
0.78

0.72

A

(1) 11 units of: Bru/hr/ft /°1=

-

(Z)Double and triple refers to number of panes of glass.




ENERGY EFFICIENT MATERIALS PART II

IP-3. Energy Efficient Materials for Storm Doors .and Windows

'OBJECTIVES | s

Upon completion of this instructionai package, you will be able to:

A. Select storm windows and doore that ére,energy efficient.

RESQURCES

Read the references :below before completing the activities for this
instructionsl package (IP—3)

-.v

Pemphlets:

Same as IP-2, (Providing for Energy Efficiency in Homes and Small Bujildings,
. ~ (Part III, pp. 43-44, 47-48)

Same as IP-2. (In the Bank or Up_the Chimney, Pp. 40-43),

Do it with Windows by North Carolina Energy Dlvision, Raleigh, N.C.: N.C.
Energy Division.

Instructional Sheet: for IP-~3-Solar Transfer of Single Glass




ACTIVITY

A. Review the information found on the IP-3 Information Sheet on Solar Trans
mission of Single’ Glass. . . _ :

L]

B. - Complete work sﬁeet (Figure 1) by answering the questions requested. .

- -

-




INSTRUCTION SHEET IP-3 ON SOLAR TRANSFER OF SINGLE GLASS

-

SOLAR TRANSMISSION OF SINGLE GLASS* °
' 'IYPE CLass © NOMINAL THICKNESS. SOLAR TRANSMISSION "U".VAEpEi
Clear | ' 178 .+ 0.8 |
Clear ¥ © 0.78
Clear .. o '_ B B . 0.72
Clear | . 1 3 . 0.67
He#t Absorbing ‘ ' - " © 0,64
ﬁgép Absorbing ’ hf | . 0.46
Heat Absorbing ' . ¢ ‘ ' 0.33

Heat Absorbing s - . 0.2

| SOLAR TRANSMISSION OF INSULATING GLASS

Clear:out, Clear in i/§ PR
Clear out, Clear in ‘ .

Heat absorbing'out, Clear in k-

\,
N

*ASHRAE, Handbook of Fundamentals, 1977, pp. 26-27




\FEEDBACK:

Obfective A Check:

L4

Student Name

Answer the following questions:

ﬁis: the tools and materials for ins:alling polyethylene plas:ic for a
storm window. \ .

a)
b).

.

<)

d)

Single pane storm windows may be made of either

’

' ? L]

The best finish for an aluminum window frame is

’

r Ed
L]

-~ L

The @ajor disadvantage of a single piece storm window is._

-

The homeowner can save ) to ) % of the purchase price of

.

storm windows when he installs'them hgégelf.‘ .

- -

-

You can save a few dollars ( . to __) of the purchase price
if you install the storm door yourself.

The tools needed to .instz2ll a storm door are a)

L3

b) )

e)

~

Figure 1 Worksheet /fEfficient Materials for Storm Déors and Windows




ACTIVITY IP-3 WORKSHEET KEY

1. a) 6~-mil polyethylene plastic
b) 2" wide tape or hammer and tacks
c) Shears or Scissors
d) %"x 1%" wood slats

plastic or glass

epamél or anodized

Thé§ caﬁnot be openedlwithout removing

i

10 to 15%

10 to 15%

a) hamer

‘b). screwdriver
¢) drill

d) weatherstripping
@) screws and nails

-




"ENERGY EFFICIENT MATERIALS-PART 11

"IP-4. Energy Efficlent Materials for Floors:

. OBJECTIVES
Upon completion of this instructional package, you will be able to: -

AL "Detérmine the proper materials to construct an energy efficient floor.

. RESOURCES , i
Read’ the selected references below before completing the activities for
this instructional package.

Pamphlets: P
~ Providing for Energy Efficiency in Homes and Small Buildinggi_Part II1 by U.S.
Department of Energy, Washington, D.C.: Office of Consumer Affairs,.
Education Division, 1980 pp. 83-85, Part IV p. 46, Part V p. 6l.

" In the Bank or Up the Chimney by U.S. Govermment Printing Office (2nd ed.),
. Washington, D.C.: Office of Policy Development and Research, Division of
{a Energy, Building Technology and Standards, U.S. Department of Housing and _
Ur‘ban"& Development, 19??, pp. 21, 23, S58. °

3

Modédrn Carpent:y (Rev. ed.), by Willis Wagner, Homewood, Iil.. Goodheart
-~ Willcox, Inc., 1979, Chapter on Floors and Insulation. g

.Fundamentals of Carpentry by G. Baker and R. Miller, - 31oomington,‘i11.. oo
McKnight and McKnight Publishing, Inc., 1081 (Chapters on floors and in-
sulation}.

‘' The Energy Wise Homebuyer by U.S. Government‘Printing Office, Washington, D.C.:
Supt. of Documents, U.S. Government Printing Office (GPO—#023-000—00518—25.

- A
.




"« ACTIVITY
Read’the above references for instructional package IP—& Then answer
the questions and do the problems. : ‘-

L |

Locate. your geographical area on the map and determine the "R" “factor fory
efficiency insulating your home.
4

Zone . ' Type heat - PR" factor

What type of imsulation is most cormonly used in the floor of a house?

" What is the recommended “R“ value for floors for the following geographic 1.
zones and types of heat?

%y . -

"B

-

A. Zone A ~ 2) electriczheat
- . b) gas .oil heat pump

B. Zome B a) electric heat
' - b) gas oil heat pump

.C. Zone D a) electric heat
: b} gas 0il heat pump

o~

Insulation installed with a vapor barrier attached, the vapor barrier
is to the
A. warm side B. cold side




ACTIVITY IP-4 ACTIVITY SHEET KEY

. * 4
Objective A Check: : .

1. Zome'C - Raleigh, N.C._ . “. - -
" Electric Heat R-19 -~
-/ Gas 011 Heat Pump R~11

electric heat - none
) gas oll heat pump - none

R~11 -
none

R-11
R-19




ENERGY EFFICIENT MATERIALS PART II

IP-5. Energy Efficient Materials for Ceilings and Aﬁtics

e -

OBIECTIVES

Upon completion of this instructional package, ybu will be able tos

o

A, Select energy efficient materials for ceilings and atticsffﬁ*.

RESOURCﬁS

. Before starting the activities for this instructional package (IP-5) read
the selected réferences. .

Pamphletss

:Sahp as-IP—Z. (Providiug for Energy Efficiency in Homes and Small Buildings,
S « - Part III, pp. 75-83, Part iV pp. 44-5, Part IV pp. 57/-60.

.Same as. IP-2. (In the Bank or Up the Chimney, pp.-11-16, 47-54,)




ACTIVITY .
.Given the diagrams of the four hodses below place .the proper insulation in
cellings and attics for an enmergy efficient house (be specific).

i . N -
.

Fl

Zone A A : B ‘Zome B

Insulation ” B . Insulation
)

. INSULATION " INSULATION

-

-

",.p:’ L

g 15

E]
&

Zone C - - Zome D
Unheated Attic - : ‘ - Heated Atpig

"UNHEATED
ATTIC




FEEDBACK :

=~ Objective A Check: .

Insulate the celling ahd attic with proper” amounts of insulation.

"

e

Zone A : Zone B
_Insulation~ - . InSulﬁtion'

\ ’.f

4
i/
£

=

Zone C _ : Zone D

"Heated Attic Urheated Attic




. ENERGY EFFICTENT MATERIALS PART 11

IP-6. Fnergy Efficient Materials Used/Tn™ ightidgﬂd_ﬂ*s

- OBJECTIVES o
Upon completion of this iInmstructional package, you will be able to:

A. Select types of lightine that would be energy efficient.

RESOURCES

Read the references below before attempting to do the activities for this
instructional package. '

- Pamphlets: .- L

. Same as IP-2, (Providing for Emergy Efficiemcy in Homes and Small Byildings,

Part FII, pp. 67-8, 108, Tables XIII, XIV, XV, p. 69.)

Same as IP-2, (In the Bark or Up the Chimney, p. 72.)

Book: S ) ] _ _ . ‘5
Construction Materials and Pfoceéses, 2nd ed. by Don A. Watson,‘New York, N.Y.:
McGraw-Hill Book Co. (Gregg Div.) 1978, pp. 440-444.-




ACTIVITY

7 A -
A, Identify the required lighting that is efficient for selected task.
/3 g g A $

. TARBLE OF RECOMMENDED ILLUMINATION LEVELS

FOOTCANDLES
TYPE OF WCrK ON TASK

Residential: .
Living room, dining room, bedroom,
entrance, - hallways, stairways and
family room
Kicchen, laundry, bathroom

Kitchen work surfaces and range

* Shaving and make-up mirrors

:.:.nk,—ﬁafrsﬁa'p,—‘r'e‘a'drn-g—fm'érp’rtnc
Sewing

Office: .

- Qorridors, elevators, stairways

Interviewing rooms, reception
rooms, washrooms '

Reading or writing
General office work, typing, filing
Acéounting, auditing, bookkeeping

Detail drafcing




L

ACTIVITY IP-6 FEEDBACK KEY

Objective A'Checkzi

- P . FOOTCANDLES

TYPE OF WORK ; ON TASK

Residential: .
Living room, dining room, bedroom, - 10
entrance, hallways, stalrways and
-family 'Tooms_ -~ 4
Kitchen”\léuﬂéry, bathroom

Kitchen work surfaces and range

"Shaving and make-up mirrors

kshop, - reading fine print

Office: }
Corridors, elevators, stalrways &

Interviewing rooms, reception
rooms, washrooms

Reading or writing
General office work, typing, filing
Accounting, auditing, bookkeeping

Detall drafting




POST-CHECK

ENERGY EFFICIENT 'MATERIALS PART II

DOORS, WINDOWS, STORM DOORS AND WINDOWS, FLOORS,
CEILINGS, ATTICS AND LIGHTING

L
cl

Post-Test:  Check for Doors, Windows, Storm Doors and Windows, Floors, Ceilings,
Attics and Lighting

DIRECTIONS: Write appropriate answer in the, blank on the left margin for each
. question. )

”

I
&

List types of doors according to highest to lowest "R" values:
A, hollow core
B. s0lid wood

-C. sgteel-clad foam center

The best insulating storm door is:-
A. metal and glass

B. wood and glass

C. so0lid metal

3. Fill in chart below:
_ ‘THICKNESS "R" VALUE
TYPE OF DOOR ' _cm inches (us)
' Steel clad-foam center 5.1
501id wooden door . 2.5
Solid wooden door ' ! - 3.2

Steel clad-foam center _ - 2.5

-

'.‘X _
Aluminum frame windows have a lower R—value than wooden frame
windows. : .
A, True

BE. False

Jalousie windows are energy efficient.
. A. True
B. False




POST~CHECK

{Continued)

Window space in a building:

A. 1improves energy efficiency

B. reduces energy:efficiency

C. - makes no difference in energy efficiency

The most effective of the following ways to improve efficiency of
windows 1is: -

A, 2dd single glazed storm windows

B. install triple glazed window with stoms

C. add plastic sheeting on gutside

D. none of the zbove

Windows help prevent air infiltration.
A, True .
B. False -

" Which type of window i= most energy efficient?
A, double hung’

B. jalousie

C. awning
D

. architectural projected

1.

Store Doors and Storm Windows

Wwindow glass is a poor insulator.
A, True
B. False

The type storm window with the best "R" vaiue is:
A. glass with wooden frame
« glass with aluminum frame

B
'C. rigild plastic
D

. Fflexible plastic

Glass with aluminum frames 1is the most durable.
A. True
B.. False -

When fitting storn windows, measure:
A. one window and get storm windows for all windows the same size
B. all windows and fit each individual window

Double glazing combination windows will reduce heat loss by:
A. 1/10 B. 2/3 - C) &

443




POST-CHECK

(Continued)
IP-3 cont.

6. Aluminum combination storm windows can be used on:
A. all types of-windows
B. only double hung or horizental sliding glass
C. awning type windows

Flexible plastic is: ‘
A. an 1inexpensive temporary installation
B. ‘a permanent type installation

Flexible plastic may be installed:
A. 1inside B. outside C. either inside or ocutside

To ipnstall storm doors, screen doors must be:

A. 1left in Plage

B. removed

A stomrm door is hnng on:

A, the inside casing of the door to open ipward
B.- the outside casing of the door to open outward

Energy Efficient Materials for Floors

1. On perimeter insulation of a slab floor You would use:
A. batts (with no vapor barrier) s
B. reflective -
C. rigid
D. fiber glass

Flexible insulation 1s supported under finished floors by: .
" A, Theavy gauge wire B. . wire mesh C. either of the above

Flexible insulation 1s easier to install in floors:
A. before the subfloor is laid
B. -after the house is finished

Rigid insulation may be used in the following types of floorS'
A. existing slab floors

. wood floors

. mnew slab floors

. all of the above P

Utilizing the diagram below indicate the type of insulation that you'
would install in the floor of each house. )
S -

-




POST-CHECK

(Continued)

IP-4

5. Utilizing the diagram below indicate the type of fnsulation that you would
_install in the floor of each house. -

Insulatcion Insulatcion

—

INSULATION " INSULATION

Unheated Agtic

.

o

UNHEATED
ATTIC




POST-CHECK

v(Codcinued)

kN

IP-5 Energy Efficient Materials for Ceilings and Attics

1. Insulation should be installed in a2 new or remodeled ‘building:
A. as each compofent part is. completed _
B. after all framing is done and electrical plumbing, heacing and
cooling are roughed in
after the building is completed

purpose of insulacion is to:

keep out.moisture

strengthen the structure

improve the thermal efficiency -

3. For buildings which have no attic and insulacion is inscalled next.
to the roof
A, air space is: required between insulation and roof
"B, air space is not required
c. air space 1s required between insulation and ceiling

When installing flexible -or loose--fill insulation in the attic:.

A. be sure to pack insulation against the cornice to prevent air
" from entering the attic through the soffit vents

B. -avoid rescriccins attic ventilation through the soffitc vents

When inscalling flexible insulation
" A, wear shoft sleeve and loose ficting cloches
B, weaT a chemical respirator Lo
C. wear safety goggles, dust mask, and clothes that fit tight
‘atound the neck and wrists .

When adding flexible insulation to the celling:

A. lay all blanketrs or batts parallel to joist

B. 1lay insulation parallel to joist until space is filled, chen
lay extra at right angles. to joist

.C. lay all insulation at right angles teo Jjoist

When installing 2 blanket or.batt insulacion:

A, leave spaces between joist for expansion

B. pack insulation in tightly

C. place insulation loosely leaving no spaces between joists oT '
around receptacles and plpes

If the vapor barrierebacking is reflective foil:

A. the backing must be stapled to the inside’edge of the joist and
an ailr space provided

B. the backing must be scapled to the oucside edge of the joist

446




POST-CHECK

(Continued)

If the inSulation has a vapor barrier, the vapor barrier should be
" placed: . -

A. next to the heated side

B. next to, the exposed (cold) side

C. does not matter

N

Energy Efficient Materials Used in Lighting

-

1. Two types of natural lighting that can be used to-improve our
visual comfort are - - and

2. Which of the two. types of artificial lights exﬁenaive to
install? - ‘ f
. A, fluorescent. B. incandescent

"The term lumens means L ,
A.” type of light B. light emitted C. amount of power used

Which of the following 1igh£é givés\tﬁe largest -amount ofe lumens?
A. 1ipcandescent . B. high intensity C. fluorescent

Long life bulbs furnish what percentage of light as a regular bulb?
A. 507 B. 70% C. 80%




POST-iEST KEY

This key should be kept separate from remainder of module and furnished L
only to instructor. )

.

3. see chart below

-
"

_ - * THICKNESS > - — - - "R" VALUE. . .._____
TYPE DOOR , inches - . sd (USs)

Steel clad foam center: - L .2" -m . '10594
S01id wooden door ] ’ . . . - 1.56
S01id wooden-door : ’ ' S 1.82

Steel clad foam center ' T . . 7.8

see (1?—4 Q5)




POST TEST KEY

" (Continued)
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Question 5 KEY

-

oA

Ingulation

- INSULATION

‘ -;)(L- ,l[ fll—ﬁ-

IUnheated Attig

UNHEATED
ATTIC

- - —— r\;---—-.
. /

- Me’;c’ arony
Jk%A“%- 7‘4@Jbefksf/

4

¢.

.o

5B

Insulation
INSULATION

2 K_?;d 3 ":’?f!&
‘ffw"-}- -{rr‘ﬂe‘ Arna n"f!f;

- R

- Heated Attic

HEATED

a1 oo Je Kvlew
) ' J?!ﬁﬁ[/;‘ff-

T

&" batts with vapor barrier up to warm side {crawl space)

- 2" rigid on exterior foundation walls to below frost line
2" rigid - 3' in from foundation wall .
2" rigid round perimeter to below frost line

. 2" rigid aound perimeter to below front line

o
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ENERGY CONSERVAIION IN PRIVATE SPORTATION
(EXCLUDING MAINTENANCE AND DRIVING HABITS)

hS
hs
N

Private transportation is vital to Americans' way of life. With ﬁuel cost
consistently rising more and more\of the person'S\budget will be toward
paying for ‘private tranaportation. ‘Those who comp te this module be able ~
to reduce cost of private transportation.and yet p their way of life.

'.5 - ) ., s . .‘

- ) : I \\
TERMINAL PERFORMANCE OBJECTIVE

Upon completion of this module the student\yilla (1) identify five
techniques that a femily might use to conserve energy in the family transporta-
. tion needs, ‘ (2) list advantages and disadvantagea\of each technique and
discuss the feasibility of each technique in the family sftuation, (3) devise
a plan which would utilize each of the five techniques, (&) compute the
typical fuel, mileage or time savings,and (5) compute the annual savings in
monetary terms if all feasible techniques were utilized.\\\\

”

Achievement of the terminmal performance objectives will\be accomplished
by successfully completing the five instructional packages (IP-I 5Y. Prior
“to satisfying the IP requirements a pre-check evaluation will be.required to

determine an individual's level of technical competency.

H . -
Fl

The reSults of the pre-check may be used to diagnose and prescribe the

4

IPs that are rcquired to complete the instructional module. \\
} \ .
Individuals unfamiliar with the technical data of this module should’ omit
the pre-check and begin IP-1. Those who take the PRE-CHECK should record the
results in the following section. :

~
*

[N
-

INSTRUCTIONAL PACKAGES

If71+ ~ Energy Savings in the frivate Tranaportation
" Sector by .the Multiple Objective Technique

f§-2. Energy Savings in 'the Private Transportation
Sector by the Family Pooling (Consolidated
Trip) Technique

‘Energy Savings in the Private Transportation.
Sector'by the Planned Time Technique .
N ,
Energy Savings in the Private Transportation
Sector by the Planned Route Techmique

Enérgy Savings: in the Private Transportation
Sector by the Alternate Mode Tecéhnique




PRE—-CHECK

ENFRGY CONSERVATION IN PRIVATE TRANSPORTATION
(EXCLUDING MATINTENANCE AND DRIVING HABITS)

DIRECTIONS: ,Place a "I" for true and an "F“ if the answer is false beside the
question in the space provided. .

<

Ir-1, Energy Savi%?% in the Private Transportation Sector by the Multiple
~ Objective Technique .

1. One adnantage of the multiple objective technique of'making one
longer round trip instead of three or four short trips is that the
automobile. will get better miles per gallon.

The use of a shopping 1isf is an aid to the purchaser in establish~-
ing the minimum route.

Amotoriot's normal or average city driving mileage is 18 mpg. If
he picks up three riders he will still average 18 mpg.

. A wise sho%pen will* clip the coupon from the morning paper and
drive immediately-to the grocery store so as to benefit from the
coupon savings. .

The energy conscious driver will cruise around the mall looking for
a_parking place nearest to the center of the stores involved in the
shopping.

“A'warm‘éngine\is'more fuel efficient tham a cold engine.

. Energy Savings in the Private Transportation Sector by the Family
Pooling (Consolidated Trip) Technique

Assuming it is 10 miles to work, the ideal number of riders for a
car pool would be 6. .

Combining a shopping trip with a pilck~up at the school in the same
general area can reduce fuel consumption as much as 20Z to 30%.

For economy it is best to put the heavy packages in the trunk and
the heavier passenger in the rear seat.

&
A Iunggage rack is beneficial from the fuel economy standpoint as

it enzbles the driver to carry more passengers and a heavier shop-
ping ioad. :

Since urban‘family pooling results in carrying more weight, it is
advisable to pump up the tires and thereby save gasoline.

It is pogsible that the use of an air conditioner during city
driving can offeet the benefits or comsolidating trips..




£

IP-3 Energy Savings in the Private Transpor:a:ion Sector by the Planned Time
Technique

1. It is best to plan the trip during a rain as better economy will
result from the cooler, moister conditions.

2. A:cele;éting fullf from the stop light so as to get ahead of the
rush hour traffic will enable the motorist to increase the mileage
per gallon.

-

Driving in peak traffic not only lessens fuel economy, it results in
an increase In exhaust emissions.

The legal interstate speed limit of 55 mph was selec:ed because:

A. 1t is 2 safer speed for the average motorist :

B. it is the slowest speed that the American driving public will

) tolerate °

C. driving at 55 wph is 2 good average speed which can save
considerable fuel

D. Cars emit less exhaust emissi- - than at mos: other speeds

At 50 miles per hour the car is traveling about feet per
second; scan will be a little over ahead.

A. 30 feet per second, 360 feet

B. 45 feet per second, 1/10 of a mile

C. 60 feet per second, 2 football field lengths

D. 75 feet per second, 3 football field lengths

Assaﬁing motorist A drives 5 miles in 20 minutes. Motorist B drives
the same 5 miles in 15 minutes. The percentage of fuel savings is
A. 15%  B. 252 © C. 352 D, 45%

Energy Savings in the Private Transportation Sector by the Planned
Route Technique

1. What is the significance of the "Don't Walk" display to the motorist?

—_— T

A poor driver can dtminish(his fuel economy by "as much as:
A, 5% B. 15% C. 25% D. 35%

The average duration of the red light is:

A. 10 seconds B. 15 seconds C. 20 secounds D. 25
seconds E. 30-seconds N

If a driver sees the light ahead turm yellow'he should turn off the
ignition, put transmission into neutral and coast until necessary
to'brake for the stop light. This will improve his economy.




{

It is usually feasible .to go through the green light for a block
and make 3 consecutive right turns and through the green light
rather than to try to turn left azcross traffic.

It 1is generally an accepted practice to use a higher octane fuel

than specified, The car will get enough better mileage to offset
the 4¢ to 5¢ per gallon higher- cost..

Energy Savings in the Private Transportation Sector by the Alternate
Mode Technique ’

1. Genmerally an alternate mode of transportation sacrifices time and
" convenlence for gasoline economy.

=

On the average a two ton family sedan uses about 40% more gaseline
that a one ton subcompact..

When comparing costs of alternate modes of transportation, one must
also include capital outlay.

The least fuel consuming form of an a}ternate"transportation mode’
but not always feasible-ls also the oldest — walking.

If vou purchased a bicycle for $169.00 so as to save gasoliné, and
the bicycle's estimated life is 34 weeks per year for five years,
what 1s the pro-rated cost per week? . .




PRE~-CHECK ANSWERS

i
PR

.

The "Don't Walk" display tells the motorist that the greem will soonm change
to’ yellow. He should estimate whether he will have to stop or can make it
on the green. '




FEEDBACK: Instructional Package 1

Objective A Check:

1.

List four additional categories of .family purchases such as groceries,
hardware, e&fc.

Objective B, C & D Check:

2.

Compute the total mileage and costs of the follcwing.

A. One way trip of X mile, 2 miles, 3 miles and 1k miles @16 miles per'
gallon and $1.35 per gallon.

Compute the total mileage and cost of -the following' multipie objective -

trip:

A. Trip of I, 3/&, 1. 3 and 1 mlle at 16 miles. per gallon at $1 35 per
gallon.

-

.
From the feollowing map compute the total mileage for a round trip to Store

A and a round trip to Store B. Compute a trip to Store A to Store B and
home. At 18 mpg and $1.239 per gallon, how much fuel and money are saved?

2% miles . .
Store A £ {#iStore B

2 miles . Y
. 3.2 miles
Home #




ACTIVITY

-

A.  Scotch tape or pin a shopplng list on the kitchen wall. Similarly tape
a calendar of family activities in a nearby place. Coordinate the family
business activities so as to reduce the many short trips into one largér
round trip. : )

Using a city map select the route which would enable the family car to
include the stops in the ‘shortest distance. \

Plan one of the essential triDs and record the time required to
complete the trip and the resulting mileage.

Record the time and mileage required to complete the same Stops 1in the
previous uncoordinated or unplanned random method.

Compare the time and the mileage required for the two methods.

" Draw conclusions concerning random method time and mileage requirements-
and the multiple ob;eétive use time and mileageé requirements.

- Convert the mileage savings into monetéry terms.




FEEDBACK KEY: Instructilonal Package 1

Grocerles, hardware, drugs and ‘prescriptions, gasoline, dry cleaners,
appliances and furniture professional services

6 3/4 miles x 2 = 13% miles . -

13% x $1.35 = 182.25 = $1.14°
16 ‘ 16

6% miles X $1.35 =. 8.4375
16 16

4 miles + 6.4 miles = 10.4 miles

10.4 X 1.239 = $.72
18

2 miles + 2% miles + 3.2 miles = 7.45 miles

7.45 X 1.239 = ,923055 = $.51
-8 . 18 ‘

Savings .?2‘— 51 = §.21
OR 10.4 ~ 7.45 = 2.95 miles

2.95 X $1.239 = $.20.
=18




ACTIVITY

A‘.

Scotch tape or pin'a calendar next to the shopping/list on the kitchen
wall., "Coordinate the business and social activities so as to reduce the
number of trips to a fewer number of trips.

Record the number of trips taken, the mileage required for one week of
non~car pooled travels. P

Record .the number of trips taken, the mileage required for one week of
car pooled activities. -

Compare the time and the mileage required for the random method and the
family pooling method. .

Convert the mileage savings’into monetary terms,




FEEDBACK:

Objective A Checkk

1. Car peoling is’a prcven energy saving :echnique. Slmilar scheduling
of family social and business activicies is known as:
“A. combining trips
' B. family pooling
‘C. consolidation of trips
. all of the above

‘Assume the followihg"'lo round trips to school each week at 3/8
mile from home to school. Algo trips at distances of ¥ mile one way,
1} miles one way, .75 miles one way, .6 miles one-way and 1 mile

-

one way. What Is the total mileage for the week? . g

ER

' Objecdtive B Check:

k3

3. Consider the following: Trips of.1 mile, 2 1/8 miles, 1.25 miles,
.1.375 miles, 1.2 miles and 2 miles. " What is the total mileage for
the week? . . '

Cbjective C Check: .

4., Exercise 2 is a week of nom-pogled driving. Exercise 31is a
combined business and school trip for the week. How much gasoline
was saved during the week 1f the car averages 18.5 mpg urban
driving? Bow much gasoline was saved during the school year of 32
weeks? ’

Cbjective D Check:.:

5. At $1.38 per gallon what 1s the school year savings?

-
-




FEEDBACK KEY:

D .

15.7 miles

5.95 miles

15.7 - 8.95 = 6.75 miles saved

6.75 " .365 gallons saved per week X 32 wéﬁﬁé.
18.5 ’ I ’

[

11.67 gallons-saved per school year

gailons ¥ $1.38 per gallon = $16.11




ACTIVITY

A.

»

Usingwa city map plan a routé nécESSary to conduct family business or
social activities using car pooling or multiple objective techniques.

Following the map record the driving time necessary to complete the
route during non-peak traffic hours. :

Following the map record the.driving time necessary to complete the
route during peak trafflc hours.

.Jggngcrt the savings in time to savings in fuel using approximate

urbdn fuel consumption for the family car model.

Convert the fuel savings into monetary terms.




FEEDBACK: o | ‘ SN,

Objective A~E Check: ' B
1. Maintaining a constant speed is most difficulc in Y

A. open road driving

B. city driving

C. interstate driving

D. rush hour traffic .

2. 1If you see a red light far -ahead, you should:
o A. speed up. ‘
B. start braking immediately T _
C.. select the lane with the fewest number of cars
D. start slowing and try to gauge your speed to pass the light =
while green
3. Tailgating is an unacceptable driving technique as it:
A. saves gasoline for all cars involved
B. enables each motorist to maintain a constant speed
C. enables each motorist to couserve -
D. is hazardous and not effec:ive except on the race track-

A lackrabbiting descrlhgs_a_dtlving mode in which the mo:oris:'
“A. accelerates rapidly when starting
B. ‘decelerates severely when stopping

C. wastes energy

D. al¥l the above

3

5. When planning a route through the city to conserve energy one
. would avoid: : . .
‘A. peak rush hour :rafflc :
B. stop signs
C. - construction zones .
D. left turns )
E. all of the above




FEEDBACK -KEY:




ACTIVITY

A."  Using a city map mark the route taken by the driver of the family car’
- in completing the stops planned utilizing the family pooling or
multiple objective techn ;

B. Record the time required gnd the mileage traveled for the trip.

c. Using cthe cicy maztglen the route including the s&ie stops noting
4-way stop interséctions, stop-go lights, preferential streets,"
~uncontrolled intersections, and other conditions:. which affect
rate of speed variation of speed and idling time.

-

D. Record the time required and the mileage traveled ‘for the trip.
E." 'Convert the savings in time tofgaﬁings in fuel using approximate
p urban fuel consumption figures for the model of the family car.
.7 - -

Convert the fuel savings into monetary terms.




FEEDBACK :

Objective A~F Check:

1. Maintaining a.steady speed and not varying more than 5 miles per,
hour can seave as much as:
A. 1.3 miles per gallon highway driving
B. 5.0 miles per gallon highway driving
C. 7.2 miles per gallon highway driving
D. 9.0 miles per gallom highway driving

Jerky acceleration can decrease city driving's miles per gallon
by®as much as: o

A. -1 mile‘per gallon .

B. 2 miles per gallon

C. 4 miles per gallon

D. ‘no effect on consumption

The least fuel consumption for passenger ‘cars per mile is:
A. 25-45 miles per hour .

B. 35-55 miles.per hour

C. 45-65 miles per hour

D. 55-75 miles per hour

At idling the mileage per gallon is: :
A. 20 B. 15 c. 10 D. 5 E. 3

" Starting an engine takes slightly less gasoline thag

seconds of idling.
A. 10 B. 20 C. 30 D. 40 E. 30







A

ACTIVITY

Read the resocurce materials and give an example ¢of how each trans-

- portation mode or technique could be used to meet family needs or
-personal needs

The student will compile a list of transportation needs for himself
for one typical week using the family cat.

From the transportation needs list the student will select those
trips for one week which would be feasible using an alternate mode
such a bicycle, moped, motorcycle or on foot.

Using the appropriate miles per gallom of the family (or student)
automobile, compute the fuel consumed in a typical week meeting the
transportation needs of the student. :

If operating costs are incurred using the selected alternate mode,
compare the consumption for a typical week with the automobile
consumption for the same activities. 'The difference represents an
energy savings. :

Convert fuel consumption weekly figures to cost per mile and multiply’

.by the number of weeks of alternate mode use to secure annual operat-

ing cost savings.




Ogjective Arf Check:

FEEDBACK: .

=

1.

Explain how a motorist averaging 30 miles Per hour can use more fuel
than & motorist averaging 40 miles Per hour.

o e

Carrying 200 pounds of sand in the trunk to increase traction for winter'
driving will reduce mileage by
A, 2% B. 12% C. 22% D. 324 E. 42%

A 57 reduction in miles per gallon in a caf which ‘averages 30 miles per
gallon with gasoline costing $1.439 a gallon costs:
A. 5.4c B. 6.0¢ C. 6.6¢ - D. 7.2 E. 8.0¢

—

Explain how a2 motorist can aveid making a left turn at an uncontrolleq
intersection during rush hour?

-

‘ If the student purchased a $126.00 bicycle to avoid driving to school

rach day, he could use his bicycle on the average of 4 days per week
32 weeks for the schocl vear. Bicycle life is estimated to-be 5 years.
Round ‘trip to school is 3% miles. The family car is operational and
capital costs are 45¢ per mile total. The car averages 18 mpg. What
is the total number of miles to school, .the costs of each mode, the
savings in dollars by riding .the b1cycle and the numbér of gallons
saved?

Il
o

o




FEEDBACK KEY:

l. A motorist averaging 30 miles per hour can use more gasoline than a
motorist going 40 wiles per hour by: §
A. riding on the brake pedal’with his left foot
B. not’releasing the emergency brake completely
C. "kicking" and “coasting" constantly
D. longer acceleration and 1ste hard braking

A
D
By turning left and paralleling the preférential highway until intersect-

ing with a cross road with a stop-go light. Turn on the cross road to
the right, proceed to the light and then turn left at the 1°zht.

416 miles per school vear. Bicycle éosts are $25.20. Automobile costs
are $185.60. Savings are $160.40 per year. Gasoline savings are 14
gallons per school vear. . ’




POST-CHECK

ENERGY CONSERVATIONS IN PRIVATE TRANSPORTATION

DIRECTIONS: Provide.the appropriate response that answers the questions.

List four advantages of car pooling or family pooling.

To conserve gasoline it is recommended that a driver accelerate slowly.
Is there a time when slow acceleration is not acceptable?

¢

If the average car -loses about 1 mpg for each 5 mph over 50, what will

be the mpg at 70 mph if the car averages 22 mpg at 507

. ' T - ™

1f braking changes kinetic energy 1nto ‘heat energy what is the energy
change when accelerating9 :

1

Discuss how ru hour’ traffic increases fuel consumption.

If 5 mfles are saved each week of the year by consolidating trips and
the family averages 15 miles per gallon, how many gallons and how much
money is-saved annually at $1.38 per gallon?

oS
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ENERGY CUNSERVATIbN IN PRIVATE TRANSPORTATION

IP-1 Energy Savings in the Private Transportation Sector by the Multiple
Objective Technique -

.t

OBJECTIVES

Upon completion.of this instructional package, vou will be able to:

A Select stores and establishments appropriate to needed purchases,
+ [ - hd
B. Plan an appropriate route to the ¥selected stores:
C. Demonstrate the planning necessary for purchasing to meet family needs.
D. Convert mileage savings into monetary units. : -
RESOURCES

Pamphlets:

Same as IP-5.

Books:

Same as IP-5. . . o ' .




POST-CHECK KEY -

Saves time, saves energy-in the form of gasoline, saves wear on the
automobile, results in less pollution,uses fewer parklng spaces and
less traffic congestion,

Entering interstatc on the on-ramp, passing another car on two lane
roads. - »

20 - 4 = 16 mpg

Chemical energy is changed to mechanical energy

-

Rush hour traffic is erratic and thus much accelerating and decelerating.
using excessive fuel.

More time spent idling at stops with more fuel being used while
idling-

More startiné, stopbing and braking thus more fuel cousumption.

17.5 gallons - $23.87




3
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ENERGCY CONSERVATION IN PRIVATE TRANSPORTATION

®

IP-2 Enercy Savings in the Private Transporation Sector by the Family Pooling
(Consolldated Trip Technlque) .

OBJECTIVES
Upon ccmbletion of this insérnctiohal packsge, you will be able to:

Schedule business and social activities so as to consolldate many short
trips into one longer trip.

Plan an appropriate route to include the scheduled activities.

Compute the time and mileage savings of the family pooling method and the
random method.

Convert mileage savings into monetary terms.
" RESOURCES
_Pamphlets:

Same as 1IP-5. -

. Books:

Same as IP-5.




ENERGY CONSERVATION IN PRIVATE TRANSPORTATION a

iP-3 Energy Savings in the Private Transportation Sector by the Planned Time
Technique ) ' '

' -

OBJECTIVES
Upon completion of this instructional package, you will be able to:

Plan a typical trip and ro@te using the multiple objective technique or
the family pooling téqhnique,

Compare the time savings for a trip made during peak and non-peak traffic
hours. '

Compare the fuel savings for a trip made during peak and non-peak traffic
hours. '

£

Appfoximate fuel consumption based upon time en route,

<
Convert fuel consumption savings intc monetary units.

RESOURCES

Pamphlets:

Same as IP-5,

Books:

Same, as IP-5.




ENERGY CONSERVATION IN PRIVATE TRANSPORTATION
1P-4- Energj'SaGiﬁgé iﬁ‘:gevérivate Traﬁspor:ation Sector by :ﬁe Plaﬁned Route
' Technique
OBJECTIVES .,
IUpon completion of this instructional package, vou will be able to:
Plan routes to aveid left turns at uncontrolled intersections.
Plan trips to utilize preferred routes.

Plan routes so as to capitalize on the green light at controlled inter-—.
sections. . . . .

Recognize traffic patterns and to adJusc speed so as to drlve smoothly and
at a uniform speed along the selected route.

Approximate fuel consumption based upon time en route.

“

Convert fuel consumption savings into monetary terms.

RESOURCES :

Pamphlets: " ' /

Same as IP-5.

Books:

Same as IP-5 .

.
L




ENERGY CONSERVATIONS IN PRIVATE TRANSPORTATION ~

X /—_\ ( a_....
IP-5 Energy Savings in the Private Transporcat1on Sector by the Alt rnexe
Mode Technioue _ . . a2

OBJECTIVES o , .

Upon completfon of this instruectional packaae, You will be able to:

Compute -costs of transportat1on using the family or personal car for
activitcies. .

-

Compute prorated costs of non-motorized alcernate modes of transporta-—
tion.

5

Computeqoperating costs of motorized alternate modds of . transportation.

Discuss the advantages and d1sadvantages of the a’° ernate modes of
transportation, -

Be aware of the relative costs versus the time ' - wenience facrors
of alternate modes of transportation.

Approximate the annual accrued savings on 1~ -tavion needs using
alternate modes of transportation.

RESQURCES

Pamphlets: ﬁ“\

350 Ways to Save Energy (and Money) in Your Howme and Car by Henry R. Sples
et al., erwn Publishers, lnc., New York N.Y., 1974.

]

16 Steps to Conserve Energy on Qur nghg_ystw'Franceb W. Stanley, North
Carolina Department of Commerce, 1978.

-~
o

‘Mileage Makers Tips by Amoco Edﬁcatlonal Serv1ces, Chicago, 1111n01s.

1980 Gas Mileage Guide by Fuel~ Economy Dlstrlbutlon Technical Informatlon
Ceneer, Department of Energy, Oak Ridge, Tennessee, 1980. -

- C. . ' ’ Y
Books£
. . o
Economy Driving by Doug Roe, HP Books, Tucson, Arizona.
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ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

L

- -

Public transpoxtatla\ gtilizes approxrmately 26% o6f the total energy in thé

Unifed States. A large potrtion of this engrgy comes in the form of petroleum
which is consuﬁéd by: dalrpl es, trucks, buses, and"automobiles w?thln public
:ransportat1on Eaéﬁ“b{ thise'’ transportation modes employs internal combustion

, engines to ci:::;}fthe petro gum produc;s (gasoline, diesel fuel, etc. ) to

usable energy - -
/
Th& purpose of fhis instructional module is. to show you how to conserve

energy in :he publijc trans?ortat1on sector,

-

" T ’ -

. TERMINAL PERFORMANCE OBJECTIVE , ' : .

. - Upon completion of this instructional module, you will employ various ' i
method§ to’ help’conserve energy im public transportation. , If you obtain a 100%
rating’on each of the instructional package Pre-Checks, go to the next instruc-
tional package. 1f not, complete each or all instructional packages and obtain
an 80% score ‘on the Post-Check.. e . ) .

B, 0 * . -

: Ach1evement of the terminal objective will be accomp11shed by successfully’
ot completlng the five instructional packages. Perhaps you already know someth1ng
about conserving energy in the .public transportation sector. 1f this isgtrue,’
you may wish. to take the Pre—Check to determine ‘the extent of your.knowledge.

The results ¢of the Pre—CQg;k may be used to diagnose -and prescribe the igstruc- '

tional module. If you fe that you do not have any-knowledge about coé%erV1ng

enargy in the public tranghortation sector, you may eliminate the- Pre-d%eck and

begin the first Instructlonal Package. The results of your own: 1nd1v1dual diag-
. noses and prescrlptlon may be recorded below.

IhSTRUgIIOhAL PACKAGES . . ;.""' " KNOW . NEED -
- ,IP-l. 'Use of Mass ‘Tramsporta 16n and Values to i N
i . i o

Conservé -~

L

s £,
IpP-2. - Cdnserviqg Fuel Py Wi 1ght Reducﬁr\\ -Q . :
I?-S. The Effect Lower Speed Limits on ‘

. Energy Cqnsdrvation in the Public . . .
Transportation Sector, . -

. IP-4. Conservation Through Car-Pooling .
IP<5. . Codgéféing Energy by Designm - oo .

. *




PRE-CHECK
ENERGY CONSERVATION IN PUBLIC TRANSPORTATION
DIRECTIONS: Check the answers with the Pre-Check Key. If you miss more than
- one question per section, you will need to devote time in learn-
ing about this area. You may record the learning packag to
use by checking the packages on the learning guide.
Use of Mass Transportation and Values to Conserve

Circle the following T for True or F for False

Mass transit systems do not offer an economical'alternative to the
private car.

A bus fare is higher when compared to the cost of driving alone.
Mass transportation is not catching on in the U.S. o

Most people still want the luxury of their own personalized transit
system. St

Conserving Fuel by Weight Reduction

Multiple Choice: Place the letter of the best answer in the blank.

Gasoline fuel consumption can be improved approximately 1l kilometer/
3.785 liters for each: removed from the vehicle. '

A. 181 kilograms C. 250 kilograms
B. 500 kilograms D. 10 kilograms

In an attempt to reach the fuel consumption guides mandated by the
federal gcvernment lighter vehicles resulted from:

A. Shorter wheel base only C. Both A and B
B. Lighter materials only D. Neither A nor B

Consumpfion guides by the federal goverument state that the fleet
average of vehicles must be:

A. 40 mpg in 1980 and 45 mpg by 1985
B. 15 mpg in 1980 and 20 wmpg by 1985
C. 10 mpg in 1980 and 30 mpg by 1985
D. 20 mpg in 1980 and 27.5 mpg by 1985




PRE~CHECK (Continued)

ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

The Effect of Lower Speed-Limit on Energy Conservation

Observing the 55 mph speed limit saves:

A. Fuyel only C. Lives only
B. Money only D. All of the above

As your speed increases, so does your car's which in
turn increases fuel consumption.

A. Wind resistance C. Air Conditioning
B. Gas Mileage D. Electrical Supply

2.
A careful driver should be able to get at 13@:

A. 15% better wmileage than an average driver
B. 20% better mileage than an average driver
C. 907 better mileage than an average driver
D. 30%Z better miléage than an average driver

Most cars get about:

A. 10% better wmileage at 55 wmph than mph
B. 15% better mileage at 55 mph than mph
C. 16% better mileage at 55 mph than nph
D. 217 better mileage at 55 mph than mph

Conservation Through Car-Fooling
Circle the following I for True or F for False
Ca;%ools do not make sense.

The daily caypooler saves very little on commuting cosis, wear and
tear on his vehicle and often does not help comserve our precious
fuel supplies.

-

Vaepooling is simply a larger, more organized form of caipooling.

A vaq9001 consists of 8 to 11 neighboring employees who commute more
than 20 miles to and from work.

The national speed was lowered to 50 mph.

6. By caé@ooling, gasoline consumption dropped approximately 3.4% and
Jhighway deaths 17%.

452




PRE~CHECK (Continued)

ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

1f the average passenger load were increased by just one person, the
nationwide gasoline savings would be more than 70 barrels of oil per
day.

People's~value and the degree of inconvenience are not primary con-
cerns when considering car-pooling.

Conserving Energy by Design
Air drag does not absorb a significant part of the power of vehicles.
There are many improvements in engines which help to conserve fuel.

Some improvements include electronic ignition, precise fuel injection
methods, and use of engine design such as diesel, gas turbine, and
Stirling engines.

On the average, the gasoline engine is 22% to 28% efficient; the die-
sel engine is 32% to 38% efficient; the gas turbine is 42% to 48%
efficient.

The Stirling engine design is less efficient rhan the gasoline, die-
sel, and gas turbine engines.

Technological improvements are needed before the Stirling engine is
marketable.

Probably rhe mest logical long-range answer to emergy comservation
in the transportation sector is the electric vehicle.




PRE-CHECK KEY

ENERGY CONSERVATIOR IN PUBLIC TRANSPORTATION

Use of Mass Transportation and Values to Conserve

Conserving Fuel by Weight Reduc¢tion

1. A
2. ¢
3. D

The Effect of Lower Speed-Limits on Energy Conservation

-

1
2
3
4

-

Conservation through Car-Pooling

1.
2.
3.
4,
5.
6.
7.
8.

e I I A B

Conserving Energy by Design




ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

IpP-1. Use of Mass Transportation and Values to Conserve

OBJECTIVES

Upon completion of this instructional package, you will be able to:

View the important aspects of emergy conservation after listening to
lectures, watching films, and reading reference materials; thereby
maintaining or altering your values so that you will conserve energy.

Become familiar with the history of public transportation and .the termin-
ology needed to read related materials after participating in classroom
discussion.

Understand why and how energy can be conserved through public transporta-

tion after reading Chapter 12, Energy Conservation in Energy Technology
by Anthony E. Schwaller.

RESOURCES
Please listen to the lectures and review the following resources.
Books:

Energy Conservation: Transportation. U.S. Dept. of Energy. Technical Infor-
mation Center: Oak Ridge, TN, n.d.

Energy Technology:: Sources of Power. Schwaller, Anthony E. Worcester, MA: -
.. Davis Publications, Imc., 1980.

Magazines:

'What We're Already Doing to Save Energy." Changing Times, August 1977.

U.S. Department of Health. Education, and Welfare, "President's Energy Message."

Additional resources om the following pages.




ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

REFERENCES

A Manual on User Benefit Analysis of Highway and Bus—Transit Improvements.
American Association of State Highway and Transportation Officials, 1977.

Capacity Charts (Nomograph and Procedure). Leish, Jack K. Traffic Institute
Northwestern University. '

Energy Impact Analysis Resource Information. U.S. DOT, FHWA. June 1976.

Estimating the Effects of Urban Travel Policies. Charles River Associates.
For U.S. DOT, April 1976.

Factors Affecting Automobile Fuel Ecomomy. U.S. EPA, 1977.

Guidelines to Reduce Energy Consumption Through Transportation Actions. Veor—
hees, Alan M. & Associates, Inc. for U.S. DOT, UMTA, May 1974, p. 29, AS4-
ABQ, ABS. -

Handbook for Transportation System Management Planning, Volume 2. Handbook
for the Evaluation of Individual Transit—Related TSM Actions. AMV for
NCTCOG, August 1977.

Highway Capacity Manual. Highway Research Board, Special Report 87. 1965.

Lexington Signal System Design Study. Technical Memorandum #2, Kimley-Horn
and Computran, Inc. for Kentucky DOT and Lexington—Fayette Urban County
Government. June 1978, p. 13.

Mobile Source Emission Factors. (For Low Altitude Areas Omly.) U.S. EPA,
March 1978, Appendix F.

NCHRP Report 187. Quick~Response Urban Travel Estimation Techniques and Trans-—
ferable Parameters: User's Guide. TRB, 1978.

Procedure for Estimating Highway User Costs, Fuel Consumption, and Air Pollu-
tion. U.S. DOT/FHWA, March 1980.

Special Report 125: Parking Principles. HRB, 1971, p. 15-16.
THESYE
Trans-Urba Computer Model --(QPGAS). Bloom, Kent. For U.S. DOT/FHWA, April
1973.

Traffic Assignment Manual. U.S. Dept. of Commerce. June 1964, p. V~13, Figure
v-9.

Traffic Engineering Handbook. Institute of Traffic Engineers, 1965, p. 413.




ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

REFERENCES {Continued)

Traffic Engineering: Theory and Practice. Pignataro, Louis J. 1973, p. 106-

107.

Traffic Engineering. ITE. April 1975. "Application of RUNCOST for Evaluation

of a Hybrid Traffic Control System.” Howard R. Chapman and J. Edwin Clark,
P.E., p. 36-45. : ’

Transportation Energy Efficiency Manual (TEEM). Kimley-Horn and Associates,

Inc. For the Florida Govermor's Energy Office, March 1981.

Transportation Research Record 546. Regional Bus Transportation. TRB, 1975.

"Public Transit Right-of-Way." Bakker, Dr. J.J. p. 13-21.

Transportation Research Record 630. Evaulation of Transportaticn Operational
Improvements. TRB, 1977. “Methodology for Evaluating Bus Activated Sig-
nals.” Seward, Samuel R. and Robert N. Taube. p. 11-17.

Transportation Research Record 648. Environmental and Conservation Concerns
in Transportation: Energy, Noise, and Air Quality. TRB; 1977. “Develop-
ment of Criteria for Reserving Exclusive Bus Lanes.” Miesse, C.C. p. 66—
70.

Transportation Research Record 663. Recent Developments in Bus Transportation.
TRB, 1978. '"The Santa Monic Freeway Diamond Lanes: Evaluation Overview."”
Billheimer, John W. p. 8-16. ’

Tran;;;rtation System Management: Anr Assessment of Impacts. Alan M. Voorhees
& Associates, Inz. for U.S. DOT, UMTA. Wovember 1978, p. 61, 105-~125, 57.

Transportation System Management. Special Report 172. National Academy of
Sciences, 1977. p. 76, 63, and 47. i

Transportation and Traffic Engineering Handbook. ITE, 1976. p. 121-137.

Travel Estimation Procedures for Quick Response to Urban Policy Issues. WNCHRP
Report 186. For Transportation Research Board. COMSIS Corporation, 1978.

Traveler Response to Transportation System Changes. A Handbook for Transporta-
tion Planners. Pratt, Richard H., et al. For U.S. DOT/FHWA. February
1977.

TSM —- An Assessment of Impacts. Wagner and Gilbert. For U.S. DOT, November
1978. e

'Tranqportation System Management —— State—of-the-Art. INTERPLAN Corp. for U.S.

DOT. February 1977.

§
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ENERGY CONSERVATION IN PUBLIC TRANSPORTATION
REFERENCES (Continued)
User's Manual (TSM) - Energy Conmservation Through Transportation Systems Man-

agement Actions. Kimley-Horn and Associates/John Hamburg and Associates,
for KYDOT. February 1981.

Which Mode Saves the Most Energy? Civil Engineering. ASCE. September 1978.




ACTIVITY
Discuss the following question:
What values are at stake when a society is asked to conserve eneryy?

State both short-term and long-term impacts upon Chese values. -

Read any materials which depict the history of public transportation.

Study the glossary of materials: (1) Listed under resources and (2)
portraying the history of public transportation.

Study technical terms which you cannot define or do not understand. Please
consult your instructor.

Read the references listed under resources, which relate conservation
to public transportation.-

FEEDBACK

Objective A-C Check:

Your reading discussion should have depicted the great amount of energy
being consumed in the public transportation sector of society. The degree to
which conservation measures are considered will directly influence the number
of problems that the United States faces in its future use of energy.




Graph Chart IP-1, 1-1
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" Graph Chart IP-1, 1-2
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Graph Chart IP~1, 1-3
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Graph Chart 1P~l, 1-4
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Graph Chart IP~l, 1-5
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Graph Chart IP-1, 1-6

ESTABLISHING PRIORITIES FOR IMPLEMENTATION
OF VARIOUS TRANSPORTATION SYSTEM MANAGEMENT IMPROVEMENTS _

Comparative Evaluatiocn {Using one or more of the following.)

Measure of Qualijtative Quantitative or
Evaluation Evaluation Qualitative Values*

[

O =y ~O

Potential for 1. Highly promising
Energy Savings 2. Promising
' 3. Minimal
4. Potentially negative
5. Negative

[

Level of Implementation 1. Very low
Cost 2. Low
3. Medium
4. High
5. Very high

l-UU\:hIO
.
ONWMO

[

=L 00O
L ]

Level of Local ' 1. 0% local

Funding Required 2. 1-25% Jocal
3- 26-50% Iocal
!{-, 51-75% local
5- 76-100% local

BN 00 O

[

=LA N O
L]

Level of Technical l. In house
Expertise Required 2. Other local
3. Some DOT
4, Extensive DOT
5. Outside expert

o
I—U:J\\lo

Level of Population 1. Very high
Impacted 2. High
3. Medium
4. Low
5. Very low

L]
SN WV O COCNWRO N

9

*Value 10.0 represents the *best” condition for a local area.

From the above, or some locally determined variation of the above, relative values
can be estimated to rank any number of transportation system improvements. This -
ranking will allow local areas to establish priorities and justification for
improvements and to better select improvements for implementation.

474

495




ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

P-2, Conserving Fuel by Weight Reduction
OBJECTIVE
Upon ¢ompletion of this 'instructional package, you will be able to:

A. Show how weight reduction on vehicles lessens energy consumption after
studying the resources provided below.

RESOURCES
Books:

College Physics. Miller, Franklin. New York: Harcourt, Brace, and World,
Inc., 1967. ’

Energy Technology Scurces of Power. Schwaller, Anthony E. Worcester, Ma:
Davis Publications, Inc., 1980.

Materials Needed:

Two (2) automcbiles of the same make, model, engine size-, etc., and gasoline.




ACTIVITY

Put equal amounts of fuel in each vehicle. Place 1000 1bs. (including
the driver) 'in one vehicle and 200 lbs. (including the driver) im the

other. Drive each car at the same speed and over the same highway.
Record the mileage for each vehicle.

Analyze the data and report your findings (in written form) as they re-
late to conserving by reducing vehiclular weight.

FEEDBACK

Objective A Check:

Your findings should have indicated that excess weight in public trans-
portation wastes fuel.




ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

ipr-3. The Effort of Lower Speed Limit on Enzrgy Conservation in the Public
Transportation Sector

OBJECTIVE

Upon completion of this instructional package, you will be able to:

A. Demonstrate how the average passenger car conserves more energy at 55 mph
than a vehicle at 65 mph when given the resources provided below.

RESOURCES
Books:

Automobile Mechanics. W.H. Crouse. NY: McGraw-Hill Book Company, 1970.

College Physics. F. Miller. NY: Harcourt, Brace and World, Inc., 1967.

Additional Resources:

Materials and Person needed: Policeman, Police car, Gasoline.

Information on Driver Efficiency Program, 1P-3, -1-1 through 1-38.




ACTIVITY

A. Have a policeman drive (afrer the engine has normalized) as far
as one quart of fuel will allow him at 55 mph. Then have him drive
as far as one quart of fuel will allow him at 65 mph.

Analyze the data and report your findings as they relate to conserva-—
tion by lowering speed from 55 mph to 65 mph.

FEEDBACK

Objective A Check:

Your findings from Activities A and B should have indicated that a vehicle
is more efficient at 55 mph than at 65 mph.




Information 1P-3, 1-1

RESOURCE MATERIALS
DRIVER EFFICIENCY PROGRAM

Please send me the following:

Film

"Running on Empty" (30 minutes)

Short Term Loan from DOE Library (Free)
or

You may order the film from:

Capitol Film Laboratories, Inc.
470 E Street, SW

Washingtom, DC 20024

(202) 347-1717

Slide Show: Driver Efficiency

Loan copy of slide show with writtem narration
Loan copy of slide show with taped narratiom

Free Pamphlets: Please note the quantity desired:

"How to Save Gasoline and Mouney"

"198¢ Gas Mileage Guide"

"Gas Savers Kit,”’only a single copy 1is available
"Driver Efficiency Newsletter” (published quarterly)

o,
e

All the DOE materials may be reproduced, copied, and modified freely
if they are redistributed without profit.




Information IP-3,

OPTIONAL EQUIRMENT (continued)

COLOR CASSETTE VIDEO TAPE Good quality, heavy duty 1/2 inch or 3/4 inch
RECORDER/PLAYER color cassette VIR plaver, One colo:r cassctte
VIR/play~r per program.

COLOR TV MOWNITOR Good quality 19' color TV monitor or TV set
with adaptor f{or cassette VIR/player. Shouid
have hezd set {ear phlione} adaptor. Size of
monitor way vary depending on condition and
use of monitor. One color TV monitor per progrem.

3N SCUND-ON-SLIDE PRCJECTOR At least one 3M Sound-on-Slide Projector may be
needed if the individualized program format is
selected. An alternate to the sound-on-slide
system is the 35 mm slide projector and caszette

—_ tape recorder/player combination.

HEAD SETS (EAR PHONES) Good qualitv head sets that are compatible with
the 16 mn £film projector, 35 mm slide projector,
cassette tape recorder/player, TV monitor and 3
sound-on-slide nrojector. Adaptors ray be
needed to match the above available eguinpment.
The number of head sets needed is dependent on the
equipment -available. At least one head set
should be available for each piece of eguipment.
Head sets will probably be ncaded only if the
individualized program format is selected.

MATERTALS

DRIVEC Slide Series 35 mm slides dealing with different areas or fuel
efficient driving (approximatelv 225 slides).
Available from:

Center . for Safety and Driver Education
Appalachian State University

Boone, North Carolina 28608

(704) 262-3143

RINNING ON BMPTY film 16 mm sound, color film dezling with fuel efficient
driving techniques. Available from:

Capitol Films LI :
470 Fast Southwest L’B'f (gf 2L “‘mJ

kazhington, [IiC 20023
{202) 347-1717
{800) 424-5188




Information IP-3, 1-3

- \L’\'!“'RI\IS ontm ed)

'"16 Steps to Conserve Energy on N.C. Highuays™ -- North Carolina Erergy Division
P.0. Box 25249, Raleigh, NC 275611

"Eleven Simple Wayvs to gct the most out of the zas you buy'™ -- Gulf Cil
Corporation, 10235 Comnecticut Avenuce, NW Washington, DC 20036

Shell Answer Book # 1 - The Early Warning Book

# 5 - The Gasoline Mileage Book

# 4 - The Car Buving § Selling Book

# 5 - The 100,000 Mile Book

# 6 - The Rush Hour Book

4 8 - The Car Repair Shopping 00k

#14 - The Driving Skills Book

#17 - The Self Service Book

#18 - The Tune-Up Eook

#19 - The Gasoline Book ‘

#23 - The How Your Car Works Book

#24 - The More :iiles for Your Money Book
Shell Answer Books, P.0. Box 61609, Houston, Texas 77208

"Don't be an energy hog - A primer on saving fuel...and saving money"
Mobil 0il Corporation, 150 List 42 Strect, New York, N.Y. 10017

"Gas Watchers Guide” -- American Automobile Association, 8111 Gatehouse Road,
Falls Church, VA 20047

"Shopping for that Fuel Ecoﬁom) Car'" -- Public Affairs Committee, Society of ,
Automotive Engineers, Inc. 400 Commomvealth Drive, Warrendale, Pennsylvania 1509

"Energy Conservation in Transportation’ --Programs of the U.S. Department of
Transportation, Washington, DC 20590

ADDITIONAL ADDRESSES FOR EQUIPMENT § MATERIALS

Featherfoot - American Institute of Driving Efficiency, 892 Rice Street, -
S5t. Paul, Mirn. 55117 -

Floscan Instruments Co., 3016 N.E. Blakely, Seattle, WA 98105
(206) 524-6625

Halda Tripmaster, Vilem B, Haan Inc., 7551 Coldwater Canyon, North tlollywood,
CA 61605 (213) 982-1050

Marshall Town . \"acumn Gauge, Marshall Town. IA (513) 752-9295

Matt Marshall & Conpa.‘"y, Route 7, Box 170, Greensboro, NC 27407
(S19) 292-8477




Information IP-3, 1-4
VATERIALS (continued}

WHO CAKES? film " "Fuel efficient driving technigques with emphasis
on the operation of school buses. * Available from:

Visucom Productiens, Inc. i
P.0. Box 5472 o458
Redwood City, California 94063

(315) 354-5566

THE DRIVE FOR CONSERVATION A part of the Atlantic Richficld Co. 'The Drive

Sound filmstrip . for Conservation' Educational Program. The
T:imstrip deals with fuel efficient driving
techniques. The program also includes a “Driver
Education Booklet" and a one page "tip sheet” on
fuel efficient driving. Available from:

Mayese
Atiantic Richfield Co. Cd%'l' FR. Asng
Public Affairs, Room 1619
P.0. Box 2679 Terminz=l Ammex
Los Angeles, (alifornia 90061

FEATHERFOOT" Program A program dealing with fuel efficient driving
3o o techniques. The program includes: a 16 mm film,
: information sheets on driving efficiency factors, -
a "Driving Efficiency Quotient' test, a 'Dial
your MPG' card, and a MPG Record for your vehicle.

YOUR DRIVEC CAR CARE RECORD A booklet that can help a person keep a more

BOOKLET##%#% accurate account of the operational costs of the
vehicle., Available from:

Assorted pamphlets dealing with fuel efficient driving*#*=

“Common Sense in Buying a New Car'' -- Office of Public and Consumer Affairs,
U.S. Department of Transportation, Washington, DC 20530

‘How to Save Gasoline...and Money" -- U.S. Department of Energy, Office of
Public Affairs, Washington, DC 20585

"Unleaded Gas...The Way To Go'* -- U.S. Environmental Protection Agency,
Washingten, DC 20460 : .

*"The Road to Ccmsenﬁtim" -~ The Drive for Conservation, P.0. Box 30181,
Los Angeles, California 90030

“*Aarerials that should be given to students taking the DRIVEC Training Program

-,
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ADD UP YOUR SAVYINGS. 8TE® Av Q""""_ Y1 41
TANKFUL AFTER T..2FUL, YEAR £:

QO AFTER GALLOM,

1t you take a'l 11's the same as saving about 1his
of the st2ps in | much 2n each gallon of gasohne*®
thys column’

It gas
Cost $1.20

How to Drive More Efficiently

warm engine correctly

Drive at 2 mocerate sp2ed

Accelerale briskly and sizadilv

Anticipate whal's ghead—igave Lutter around your car

Flow smoothly through tratic . .. ailogther,

How to Plan Your Trips

Riggsharé 1o work with a friend
Fian famly errands

combine iros

use the telenhone znd mait

ride with others S . e altogether.
Plan soc:al and recreauoral tnps

combine irps

rideshare . Ceee . alogether.

How to Care for Your Car

Inflate tires to highast recommended pressure
Select high-mileage oil
Get tune-up and adjustments when needed .

How to Choose Your Next Car and Tire

Buy radial tires ’ ac
Replace your present car with anoiner that gets 10 mpg more
than your present one . gzc

You can save: 56€

*These savings are Slightly smaller than the individual figures given in the text because each amount Snown
here i$ based on the assumpiion that you iaxe alf of the sizps.

SOURCE: Transporiation Programs. Conservation.and Solar Applications, U.S. Department of Energy,
Waskington, D.C. 20535,

T
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The Po:d 10 Conservation - Atiantic Ricnfield Compeny

A very good cttractive booklet, easy 0 understand and summarized.
It covers every Tip to use tiward getiing belter gasoline performance.
This would te a very useful boov to have in bulk so that your students could

benefil and put 0 practick these suggestions t0 see now thay work.,

Summary

Excellent, however, cn.a personal note I was upset when 1 attended 2

session with an ARCD representative. I asked to test him about ARCG'-S
involvement with ADTSEA and he said that he wasn't aware of any involverent
and said, "littla if any".  So I wonder how they looked upon our assistznce.
1 know in the filmstrip it has & frame of our. emblem but in the slide shew
at South Dakota there was no mention of our ass-:stanée or in tiae booklet
anywhere. 1 was told of our involverent through #r. J.B. Angelo Crowe,
and Dr. Donald Swith present presiient. T we deserve recognition then
'1'd like to see *hat we get it as 2 matter of public relations with the
public.
Contact

Atlantic RichTield Comnany

518 South Flower Street
Los Mngeles. California 99071
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Champion Spark Plug Literature
17. Champion Ten step tun-up cuide

Used plugs teli a story + coster + chart

Champions guica to an easy uar tune -up

Plant tcur

Constructive features of the “ plug in post form
Automotive servicz manual

Engine tunz-yp chart

Master appifcation catalog

R N APy X

1. Short easy tips on how to perfcrm a simple tune-up or how one 1S
perforred. The ten Steps are as follows:

Remove the air cleaner

Remove tha spark plugs

Make a cylindar compression check

Check the distributor cep and rotar

Remove tha fgnition parts

If you adjust your points with a tech/dwell tester
Gapping end installing champion sparx plugs

Adjust timing

Adjust the carburetor

10. Wrapping up.

]
r4
3
4
5
6
7
8
9

This pamphlet gives step by step precedures.
Summ

Excellent
2. A sticker that can go in an area where you work on your car wh{ch'gives a

. description for varioﬁs problems in plugs, very helpful to_the beginning

mechanic. Also a larcer poster of the same and a chért which helps you
diagnose and 2pply a solution. ‘
Supmary

Excellent
3. This guide is equippéd with all the teois,.information, énd charts you
will nesd in orde - to perfornm your cun tune-up. I1lustraticns make it easy
to understand and aliscw you to save mon2y Sn iaboyr cost.

et - |

ot la
s we i S
i, V.
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2.
4. This s a bocilet of thelr plant lccated in Toiedo/Detroit and talls
of the different issamdbly aress and deparirents. It gives you a good idza
of how much troudle champion goes through to procuce ocoe plug.

Summary

_ Infornative

5. This poster consists of the construction features, basic conventional

ignition syste@; and tne basic electronic ignition system. This gives
someone the Tundamantals cT the parts of these systems and an idsza of where
they are locaied and what they look like. |
6. This service manual gives informaticn on spark p1d§s, tune-up benefits,
relations to ignition systems, analysis of plugs and a2 more deteiled ide; 07
how to perform a tune-up and what to logk out for, and the equipment that
is available through your cnampion wholesaler. |
Surmary

Tells everything except the cost of equipment,
7. This tune-up chart allows you td find the car you're working on by
make/moda1/year/fengina size and other servicezable information.
Sumwary - |

Not too simpl2 for the common person.
8. This is a siwple chart with abbreviations explained at the beginning
of the book. It z11cws you to find your car and explains the proper g§ap,
size plug, Tor the a2cprecpriate c2r and size engine.
Suzmary

Simpler than 7.
Contact

SloE e o mea T
Liinnvwyl™s == 00

e Box 232
Toledo, Okin =331
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REVIEW OF RESOURCES Tt £ .7+

Via Dr. Frenk Brouillet - Bii1 F. Hiblar
Superintendznt of Public Instructicn
Olympia, Washingtca 98504

Pamphlets:

1. Easy Ways to Cut Your Transportation Costs!

This small card gives excellent tips to help you streich your

gasoline dollars. Proper tuning, correct tire pressure, -bad driving habits,

Planﬂing ahead,'less stops and gas, and driving as little as.possible.
Summary
Excellent - If it were smaller, it could be carried with you.

2. Don't Be rFuelish - 30 tips for the moterist to use in everyday driving

and in buying new cars.
- Summary
Excellent for a discussion emphasis.

3. 1978 Gas Mileage Guide - Same as 1980 guide with cars, sizes, models,

miies per gallen engine size.
Summary -
Useful in comparing gas econemy cars and in buying them.

4. The Automobile - It's Driving Us to Think - Very useful with a

gquestionnaire ir.cludad for feedback on the booklet and of transbertaticn of

the future,

Susnary
Exczellent - it gives you the feeiing that you can have an active

part in improving cur transportaticn in the future.

-

-~ = - -t
Enerey Confarvanion 230
Fodeys Tnere 7T
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3. Single copies: Fuel Zconomy
Pueblo, Coloraco

[ )
-
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W
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4
M ex U

Bulk copies: US Departmant of
Fuel Econcmy Distriow
Office of Adminiser
Washington, GC 2C3Z
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4, C(Congress of the United States
Office of Technoisay Assessmant
Washington, DL 23510
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BRIEF REVIZY OF FESCURCES

1. 55 - Some Tough Argumenis About Trucks and the HMSL

2. 55 mph - The Texas 55 rph Safer Highways Campaign

3. 55 mph - Saves lives, gzsoline, and mongy

4. 55 saves

Texas Safety Association 2, 3, 4

1. This pamphlet gives an argument Tor the rising of the 55 mph, and
responses to thair agurments by the Department of Transportation, It seens
truckers are the largest advocaters of the 55 mph law and the Cepartment
shows them facts behind thair responses for those who wish to argue.
Summary

Very informative (what does KMSL stand for)

2. ‘Texas gives information and facts to support the 55 mph 1aw and show

records and graphi to prove that 55 is bettef then 70.

Summary

1 wish their address was available on the pamphlet. Very good and
other state asgociations should follow suit.
3. Very much the same information with a more impressive front cover.
Sumnary as betTore.
4, This gives the person a2 chénce to measure their present gas mileage
and compare and gives an easy fonmuia as well as facts.
Summary -

Yery much 1ike the one offered by HUFSH

Texas Satety Associstion

Texas Office oFf Trefiic Safety

tate Ceparimont of Righizy ang Fublic Transoortation
Aus tin, Te cas 73707




information IP-3, 1-i2

REVIEYW OF RESCURIE MATorRIALS i BrlEf

Kit - Gas Savers - Department of Ensrgy
This would be an excetlent program to encourage State Driver Education
Associations to get involved with. The Kit consits of many suggesticas

on such topics as Boutes to Fuel Economy, Planning Techniques, Driving

Skills, Vehicle Selection. and Maintenance.  The it also inciudes an

excellent booklet entitied Yanpool Imp]émentation Handbook, which shous

somecne the advanrtages of van-pocling and how to go about constructing a
program of their own. It alsc has a program of teach-ins which for this

year are rostly on the western portion of the United States. On the bluee

sheet which describtes this program is an address whkere possibly could te

made suqgeastions of future localities for 198].

Other guidas include 1980 Gas Mileage Guide which tells by cars size,
moded, and meke. estimated miles per gallon, average annual fuel cost,
engine, transmicsion, fuel system, and body type. Useful to those thinking
of buying a car. Also a small brochure on vanpooling, and another on
How to Save Gasoline...and mongy, and a bumper sticker as well. Also
intluded is a Kit which can be used over and over again with reminders for
under the hood checks, put in places to remind you.

Surmary

I find the it very useful and would 1ike to see it put to use.
the Venpool Impiementation Handbook are personnel listed by state. as
wom to contact for help.  North Carolina has no cne listed yet.

Conizat

{yrtniea

Mo aunhiin
Pavredl Szngioe
Tow fiebingny
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Get More Missouri Per Galiem
Money Saving tips Tor lissourl notorists

With interesting illusiraticns titis pavmrhlet would apoeal to almost

everyone. Charts and graphs show how you can compute your own miieags,
and apply some ¢f the tips that are available such as proper tire
inflation. With this style of presentaticn, there would be few peopie
who would stop reading this pamphlat once they started.
Summary

Excellant way to put a point aﬁross.
Contact )

Missouri Department of Natural Resources

Box 1309

Jefferson City, Missouri £5102

1-830-352-0717
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Sone useful facts on erergy - Gulf Ci1 Corperziion - January, 1982

This colorful bocklet consists of arees in emergy, petroleum, naturzl Gis.
coal, rnuclear, transportatiocn, and financial, .uses, and charts and graghs, bus
it needs to be ava1‘able et the sarvica stations to gat to the pudlic.

Summary

Good

Contact

Persons in ocur area are available in the rear of the booklet

Michasl M. Kumpf OR Keith F, fnderson

" Gulf 0i1 Corporation Gulf ¢i7 Corporation
P.0. Bax 7235 P.O. Box 989
Station C Horgantown, WY 26505

Atlenta, Georgia 30g57
04-296-4179
404-897-7738
Also included is a pamphlet, eleven sinple ways to cet the most out
of the g2s5 you buy. This would be very useful iT 1T were openly availadle
in service stations and advertised. Also included is a reprint from

Petroleum Today 1273/two entitled That-Amazing Maze A Refinery by W. Harriscn

Brewer explains 2 simple and comical sense in explaining how fuel is made

from crude ©il. Included are also two issues of Guls Dealer News a

magazine for dealers March-Adril issue and May-dune issue explaining the reu

Gulf super unleaded gasoline.

Conzact

Cul? Dzzler Mow
P_O. Zox 1583
HousTon, Texss 77001 -

for cuif Daalers Fagazine
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rdow to save gasoline...and monay

Along the line of the brochure produced by the Bep'a“rltrr,cnt T

Education with fuel conserving tips ond ride sharing as well as low coct
care of your car. Suggestion of "Running on frpiy® film from the
USDCE and they at the Ohio Dep'art:r:en"f nave a toll free nurber for
information on aii forms of emargy - 1-800-282-9234
Summary

"Same as DOE's version

free loan films
Contact

Ohio Lepariment of Energy

30 E. Broad Street
Columbus, Chio 43215
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Don‘p Be Fa Enerey Hes )
a primer on saving tuel...and saving money
¥obil 011 Corporaticn
“This booklet instantly by the illustration on the outside gives

you an idea of what this botklet is all about. Included insid2 are

12 ways to save energy and they have a2 picture with an explanation.

The pictures are satyrical and rather than have <aptions, jeave it up

to you to decide on how you can avoid these unpieasantries.

Contact
Mobil 011 Lorporation
150 East 4znd Street
New York, 1Y 10017




Shell &nswer Books - The Znerqy Sock

Shell is a leader in energy saving tips and is Derheps the most
famous for their 24 series, They ship them free, at no charge and the
information that can be received can be priceless.

The Energy Book is in the pracess of being updated on pages 3 and S

and tells many tips as well as wheve will our fgels come in the futura,

Summary

Shell will send these materiais by bhaxes iT requested as long as

14

you explain what you need them for, how many of each and which ones.

Contact

*H.B. Deviney

Shell. 0i1 Company
One Snell Plazz

P.0. Box 2463
Houston, Texas 77001
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REVIEY OF neeanneTs 7w maTep

16 Sters T Conserve On Cur Hichwavs -

North Carolina Depariment of Pubiic Instructicn's Division of Hezlth,

J——

Safety, and Physical £ducaticn and Division of Science Educatien, in
cooperation with the Morth Carolina Department of Comnerce's Energy
Division. |

This booklet is a sincere effort to give you fact basad solutions
to combat. the erergy crisis. LEach unit hes a question review over
what is to be read in each chapter and a further study section which
allows you to put these tips or suggestions into action. The table-
of contents is valuable in findinu just what you are looking for and
illustrations are good to keep interest.  Abbreviations are explained

at the beginning oT the bookiet and references are available at the end.

Summa

Very good, however, more illustrations could be used to encourage
amusement along with reading.
Contact

North Caroiina Department of Public Instruction Division of Health,

Safety, and Physical Education.
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1. Tirs for Zneriv Savers
2. 19232} Gas. Milcagze Guide
3, BGas Savers (2}

-

1. Tips for Enerzyv Szvers ‘s for ensrgy conservation for the here

dealing with electrical asppliances as w217 .as on the road means.

Summary

Tells of ways to cut down on electric2] cost and use electrical and
guzls oT other means more wisely.

2. 1980 Gas Mileacs Guids - Review number 1 as written before teiling

car make, size, fuel efficiency, engine size, and miles per gallon.

-

3. Gas Savers A - Consisting of O0E Facts, tips on routes to Fuel

Economy, Planning Technches,lDriving Ski11ls, Vehicle Selection, and

 Maintenance. Cther areas of Hew to save gaso1ine...§ndmoney, vanp2oling
and a Kit for checking your car properly for best fuel efficiency - not as
impressive as first one.

Gas Savars 3 - Energy Efficicncy - Routes to Fuel Economy,

Voluntary Truck and Bus Fuel Econcamy Improvement Program, Starting a Driver

ownedlénd operated vanpool, 1580 rpg ratings, How t0 save gasoline and maoney,

burper sticker and Kit for checking fuel eccnomy - very good, plenty of areas

are covered.

1. 4S Department o7 Enercy 2. Fuel Economy Distributicn
Editorial Services, £5-031 Technical Information lenter
0ffice of Pusiic ATfaiy Departient of Energy
Washingten, 2C 20 P.0. Box 62

Qak Ridge, Tenaessee 37820

Gas Savers

US tepxvrtment °

Coneziy ]

Office o
TAY{B} Zagvryy I

e,

-
Capavimant
1.’

-

1 -‘.‘Fj'}-i?dgfz' 8
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You and Your Driviag

Tips for szfe driving, improving driving skills, maintaining ycur

car, saving gascline. This is Exxon's atterpt to educate the pudlic in
a masner of instant feecback and areas of interest end seasonal care of
the vehicle.  Students found this Sooklet quite interesting and useful
in our school curriculum.
Summary

Very good. I wish that it was available at Exxon Service Stations.
Lontact

Published by Exxon Company, USA
Distyributed as a Pubiic Service By:

Hational Azsociation of Yomen Righway Safety Leaders, Inc.
7206 Robiniood Drive, Upper Harlboro, ilaryland 20870

Mrs Frank Umbah - Qur contact from Waynesboro
1796 teadowidale Works with Georgia Safety Council
Atianta, Georgia 30309
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Factors Affecting Autcrotive Fuzl Eccromy, Qctober 1976

United States Environmental Protecticn Agency.

This is the third EPA report on the subject of autemobile fuel

economy.  The <wo previous reporis ware published in November 1972 and
October 1973.

The previous EPA reports have been studied and ccmﬁented upon by
other govewnfent agencies, the Congress, State and Tocal governrents,
private citizens, fleet operators, motor vehicle manufacturers, and Tuel
producers. This report is intendad for the same broad audience. T7his
report contains new informaticn on emission controls and. tampering, and
the averace fuel economy cf the 1975 cars, It alsc includes informaticn
on driving patterns and their effect on fuel economy. Thus it should &id
drivers as well as car buyers in making choices which can affect their g:s
mileage,

Sumnary

~ Very inforuative with suggestions as to what we can do to help our
fuel and emission problems.
Contact

Micheel ¥olsh/Gregery Dane

Deputy Asst Administrator Tor Mobile Source Air Pollution Control

U.S.E.PLAL :

Washingten. BT 20450

1-202-755-0;358
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55--Ho.. to Live With It
by Gencral Fred Y. Vetter, Jr. - July 27-24, 1980
<
I was able to attend the Naticnal Student Safety Program at
Black Hills Szate College in Separfisn, Scuth Dakota to hear General Vettar.
I found his infcmmation shocking, astonishing, and informative ¢n the
great advantages of the 55 mph law and what it hac accomplished in the
. years of its enforcement. His presentaticn of our thema, Pledge 55.

with what he had to say, brought about adrzatic response that driving

55 mph is the best thing that we can do to cowbat the energy crisis.

Summary
‘Excellent presentation

Contact

Department of Tramsportation
Hational Highway Traffic Safety Administration
~ Washingtcn, DC 20530

or

Fred ¥, Ve:ter, Jr,
Fed/States fcordinator 55 mph
2201 Fed Bldg 305G S. hew St.
Dover, DE 19901
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The Hicaway Fact Ecex - Highway Users Federaticn

This booklet gives an update on hew our transportation system stacks

up nationally. ith twenty-four different areas of interest, a2spacic
on page 23 entitled 16. hat are the relative cost of the various m3dd
of urban travel? It enswers the questTOn that van-pocling with eight
occupants would zost 5.4 cents per mile as comparad to an automobile with
one occupant would cost 37.1 cents per mile. Other examples of the
twenty-four topizs are, Yhat is the role of the Federal Government in
highway developrnant?, Hcw are our roadways organized?, How has air quality
improved?, and many others.

Also includad in the packet that was seﬂt is a pamphlet on

Suppiementary Ernerey Scurces made by the Americen Petroleum Instituis

which gives long term, expensive solutions to our energy crunch, it alse
gives facts behind each solution ¢f Cecal, Gas srom Coal, 0il1 from Coti,
0i1 Shale, Tar Sands, Geothermal, Huclear, Solar, Tide and Oceen,znd
Wind Pover.

. Aiso included was a booklet on Venpeel Cormuting as Tar as Paguietor

and Legal Aspects, Tunded by HUSSH and publishad by The Natienal Contar T3~
Aéministrative Justice. This booklgtmspells cut the regulations ong
roper legalities involved in vanpocling.  Included in enother zo7inint
th2 Yaticnzal Capital Ar~e2 Transporiation Fedaratize ensi il

srzas of erpnesis stressad by

Coidsehmidt, T.S. Sacretary of Trensporiation o 9-5-70,

problielns ¢a engety.,
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such areas as, Latizr Administrotion, Firgncing, Paviin:, Em2rgy, RiGDT

3]

Tum on Red, Traffic Saféfy, Better and Satfer Traffic Flew, Recommendatf:ﬁs,
and Suggested Corrsctive Improwemantis, which is a program to: Increass Jdaos,
Boost Businesﬁ, Consarve Energy, P2duce Poliution, and increase Traific Flow.
There is aiso a guicde redrint entitled: 355 m.p.h. iihat Happsned to
Speed Traw2l, Accicdents and Fu2l when the Naticn's Motorist Slowed Zoun...
published by HUFS™ which answers this question. Finally inciuded are tin

other publicaticns of HUFSH - Facts on Yital Issues and Gas-Savine

2

1 -
S S In~

Dont's.
Surma

i fird the materials very informative and useful, especially the

. Gas-Saving De's and Don'ts and The Highway Fact Book as well as the

reprint Wnat Happenad to Spneed, Travel; Accidents and Fuel When the
Nation's lMotorist Slowed Down of which I wish they would make an updats
since 1973.
Contact

Bob Calvin

HUFSH ‘

1776 Hassacnusetts Avenue, Wi

Weshington, £C 23036

1-202~-857-1200

502
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Driver Educaticn Curriculun Gudda
Qhio LoparIoznt OF coufiniin
Divisicn o7 3¢a201 rinzce
Driver Education Section

Attractive outer cover with sitzt2 sezl end coiers. This is an
excellent six lessen program with sugoastions and filmstrip done in a
truly professional manner. This would aid the instructor on what 0
stress as far &s fuel-ecocnomy and yet lets the studant see with audio-
visual effects that fuel economy is &n important factor in today's

world economics.  With self test this program is effective in instant

feedback and creates a learning experienéé,for the student.

&
Excellent “ilmstrip and professicnal procram.

The Driver Sducation tnergy Conservation

Larry L. Cathel?

State of Chio Driver Sducation Sectios
Colurbus, Chio 23215

BEST COPY AYAILABLE
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s

Yighwa s Safety Hicklizhts - Yol. 13 %o. 10 June 1920

This organizaticn has a mailing 1isz.of which I zm on and this
particulzr ronthly issue has pubiicaticns for sale in 2 various nuster ¢f
areas in safety. Such areas a ¢hild restraints, bicycles, mopeds, moticrcyciss,

energy ¢risis and highway safaly meterial are for sale.
Summary
Very useful and the advantagas of being on the mailing list give
you the most up-to-cgate information in their research studies.
Contact

Theresa E. Hi11
Publication Hanager's Assistant
The University of horth Carolina
Highway SeTzty Research Center

. South Larpus
CTP197-A

Chapel Hill, :orth Caroiina 27314

919-933-22¢2
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Energy Tonsarvation tducaticn For Ohlahoma Drivers

Tape and Guide Booklat.

This audible and inaudiblie pregram aleng with the guidz on how o
teach the progrzm is an excellent way to ccmmunicate to evaryona -the
importance of Energy Efficient Driving., It gives reascns why w2 snouid
be concerned with fuel conservation and also givas ways in which to
conserve fual. The booklet is deéigned as an introduction and givas
step by step frarmes from the filmstrip/tape series go that the teachsar
may Five notes to be tested on later.

Surma .

Proféssionall& done with backgrecund music which appeals to lisieners. l
Contact

Dr. Milton Rhoads

208 Pouliry Science,

Oiklahoma Statz University,

Stillwater, Cxlahcma 74078

How to Save CGasoline and Money as before.
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Packat 1 - Nortr Datota Emergy Conservation {Triver tducaticen)

Packet 2 - North Dakota Energy (lonservaticn

Packet 1 ~ A guide consisting o7 activities an2 ¥ilm suggasticns
wjth a2 test ir conclusion. Included are facts and lesscn plan suggazticns
as to what shouid be covered. Also included are 20 tips in jarge
illustrative forms on how to conserve fuel and other gas saviné tips.

This is put togzther in cooperation ¢f the govermor's office on higkuay
safety. Incluced is a pamphlet on myths and facis about the 55 m.p.n.
controversy. Some Department of tnergy brochurg;, the mpg cread and
Morth Dakota TraTfic Trends between 1569-1973. These would hHe exceliant
teacﬁing gids to %ntroduce in a leaming environraent.

Packet 2 - This guide concerns mostly witn School £us Consarvatinon
of Fuel. . This gives a guide of fuel conserving tips and course outline

-

Saving School Bus Fuel - Pept. of Transportatica

Surmary

A good basic guide and tool to give people a basic understanding in

vehicle conservation of fuel and 2 special section on school bus ecocnermy,
Contact )

Clay Dunlas Rolland Larson
Energy Spacialist Managament Director of Transportation
Camital &rrunis ‘
Eepark._._ ot Pusiic Instruciicn  3rian Larson
- Director o7 Oriver Zducsti

-
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Thinking A~out Energy - Szeoncary Studias Guide State of Da2lawave

This is also a well daveloped guice fer epergy with ’eéscn 2lens and
activities. Tre learmer activities out the dzily Jessca 0 work nd ailon
the students to discover for thzoselwes. it covers not ocnly 2nersy
conservaticn, tut 211 areas of energy and relatsd subjects and axplains
on a students terms about geothermal, ¢il shale, and others. It is zlso
decorated with illustrations to keep it interesting for the studant and

instructor.

Summary )
A good guide to use In the teaching of energy conservation with scre

humorous illustrations.
Contact
John-C. Caims
Department of Public Instruction

Townsend suilding
Dover, Celaware 19901

BEST COPY AVAILARIE




REVIEN OF £230.773% 1n @t 1 P—3,51-39

Shopping for that-Fuel Ectnony Car

This pamphlet gives to the consumer the information they nead Tor
buying their new fuel econcemy car. It has several checklist and
questions that will nelp the individual narrow doun the qualities of
what they are lconing for in a fuel zecnony car.

Surmary

Excellent far the perscn who wants 1o figure out the most fu2l-
efficient -and practical car as far as room is concerned.
Contact

_Ray dMorris
Society of Afutomotive Engineers, Inc.

400 Commanvuealth Drive
Warrendale, Pennsvlvania 15094

REVIZYW QOF RESQURLI 'VTZRISLS

Common Sense 1n‘Buy1ng a tew Car

This booklet would be very useful to the person about to buy 2 nzs
car and the propér way to go about purchasing a vehicle.
How not to buy a new car, The right way to buy your new car, Pursuing
auto probless...1f you have them, Where to take your comp?ain§s. Trese
should aid znyona to make their best decisicn and weuld be o thair
edvartaze 4o rezs this guice before purchising their naxt veht
Su ey

Yery informztive and 5houid b2

e
232 anv venicis.




Information TP-3,

ReVIEY O:

1. Ceonsuter “ire Guide
2. HNews
Tire Industry Safety Council

1. This is an excallent bookiet on heu to properly cire for your tives
sO that you will =t the most wear frem Them you can get, and bettaer Tuz)
economy. It comiares the difTerent kinds of tires znd reccsmendaticns,
Summary

ADTSEA along with others cooperated with TIST to put the putlicaticn

together,

2. Three news articles: 1, Propar Tire Pressire Gives Both Fa=1 Savincs

and Satetv
The following repert gives Tacts to back up this report.

2. Gain 302 Miles bv Checking Tives. This would be worthwhile to enyone

who doesn't went 72 pay for that $350.00 2t the gas purd.

3. American-rlada P-M2&ric Tires Save G2s. This states that hicher

inflation in these tires by 3 pounds more than recommenced could add o
better gas milease, but never to excsed the maximum molded on the sidewall
on a P-mnetic which 1is 33 psi.
Contact

Tire Industrv Safety Council

Sutte 785

Natienal Precs Zui
Washington, L 26545

'ld"ig

202-783-1022




Information IP-3, 1-32

Firestone
1. Passencer tire silas handbolk
2. Every Loran's Car {are nancocox
3. Facis on car car
1. This booklet explains the diffarent twpes of tires and the
“explanaticn of serfal numbars and terws makes it easy to understanc
when ?uying tirés. They also explain the advantagas of different fyres
of tires.
Sﬁmma
Informative
2. Thé car care booklet is desicned for the inexperiencad driver
or person who is not familiar with car servicing techniques, not necssserity
women, Tnis would be valuable for everyone. |
Summa
| ) Excellent
3. Tells 2ach engine part and when it should be replaced, i¥ it
should be replaced and how it should verform with wamings. Very useful
for most any driver who wants to kKnow more about their car.

Summars

Very good Tor the novice drivar or experisncad

Contact

N Codas

Jack B, Scoargtice
Director o7

207 rivesi

. PR
ARYGN, WUST.




information 27-3, 1-33

BRIEF REVIZ. 75 Z33TU0ICT

*

Your hey To & Satizr Tire Suy

Uniferr Tive Tu2itir Grading )
US Leperirmaant 5t rranssdriziion

lational Hign.zy Treffic Sefety Adninistraticn

This pamphlet gives informaticn *hit the rorz expensive tire is

not necessarily thz setter tire. Questions and 2nswers meke ihis

clear to anyone wno reads this that they should be careful and thorcugdh

in tire selecticn. It tells in informative form the best tire or the
good quaiitiss in buying a tire.

Contact

US Department of Transportation _ _
National Highwey Trafiic Safety Aaninistraticn
‘Washingten, OC 20350

Selection & DOTHS &232086 April 1979

Consi~zy Informatize Cztalog

This offers fo the public free or 10w cost publications on a large

variety of materizls and informaticn. Hany different catagoriss in

nutrition, enersy, dieting, housing, and econcny idzas are zvailable.
Very informative.

Sumrary




Infovmation IP-3, 1-34

TmTETRNS Y
- s P

27 Energy Films - Department of Znergy - Jak Ridge

Included is a pink upcate sheet of chbsolete filzs no longer in use.
This is a catalcg of films and cocts ¢n wvarious areas in Coal, Consarvziiln,
Environment, Fusion, Senerai, G2otherm2l, History, Nuclear, Soiar, $pace,
Transportation, available to schocls, colieges, libraries, and industries
with ordering instructions in the rear. They especially note that ther
have a new phone number which is on the print out sheet.

Contact

United States Department of Energy
P.0. Box 62
ODak Ridge, Tennessee 37233
1-615-576-1225
. Summa
Would be a useful tool to someona who would want to use it as a

resource.




Information TP-3, 1-35

REVIEW QF RSS{UTTZ MATIZlils e

Klein “ilm Catalog

This datalog has a variety of areas 07 which include tha films, -

Working togathar 4o Save Enmerav, and Hew to Sguszeze rore miles from winr o

car. Thay carry a iree exchange service and & free liTetime repair servics.
The expense of the Tiims if you have a budget run a2t $275.00 per.
This catalog contains nearly 130 selections.

Summary

——

They do allow previewing of films and want your honest fsedback.

Contact

David D. Jdordan

Print Sale: Manager

Walter J. Xlein Company, Ltd.
6301 Carn Foad

Box 2207¢¢

Charlotte, NC 28222

1-704-542~1403




Informction IP-3, 1-3

A A
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This book entitled En2rovy Future wiich is a report of the

energy project at the Harverd3usiness Scnool and edited by Robert Steciaul:
and Daniel Yergin is a detailed study of a necassity witn special emphasis
possible answers in Qur future. Otnar autho~s of articies are also

credited in such topics as The tnd of Easv i1, After tho Pegk, the Threat

~ 3 e

of Imported 0i1, fiztural Gas, Hew to Siice a Shrinting Piz, C

sbundance, and other areas concerning nuclear, conservation, solar answers,
and a conclusion. The book is located in the library and is 266 pacas in
length.

Sumna

Book of in depth study of our fuel and energy problems witn Tacis

and predictions of our future if s¢mething isn*t done.
Contact

Library - London House Inc. 'Y NY 10022




Tnlfgumation IP-3, =37

r“-"‘I-“ T —‘-“‘

Fuel Conszrvation tnit for Trafiic Safety Education

Dr. Frank E. Brouvillet - :raf:ic Safety tducation

State Supgrinteadant of Public instructicn

01d Capits) sSuilding .

Qlympia, & sn1ngtoﬁ SJQ”’ Claire Dycknan
Project Coordinator

I enjoyed very much looking throuch this oocklet and I wish I
had one for my own. I would be a2 very valuabie tool &s long as it was
updatec a5 this one has been and I ‘eel hecause of the iilustrations
that the student as weli as the instructor would have a tough time
putting it down, thus giving an interesting guide to learning and

gaining facts. This is the best guide I have seen so far. The

activities insice are such that it gives z student fun while leaming

rather than a chore.
Contact

Claire Dyckman

Project Ceordinator

Fuel Conservaticen Unit for Traffic Safety Eduzation
Super1n*°r grt of rudlic instruction

State of ”a<r1*:‘aﬁ

01d Capital ob..u1ﬁg Fe-11

Oiympia, WA 88504

Surmmary

A good tool and guide to use on a saction on Energy Conservaticn with

many humoross 7 iussratiens.




Infornzticn T¥=2, 1-.0

REVISL OF 2280 .0°

Common Sense in-Bu}ing a waw Car
This bookiet would be very useful to the person about to buy é new
car and the prepar way to go about purchasing a vehicle. Headlines as:
How not to buy a new car, The right way t6 buy your new car, Pursuing
auto problems...If you have them, Where to tzke your complaints. These
should 2id anyon2 to make their best decisionnand would be to their
advantage to read this guid2 before purchasing their next vehicie.

Summar

Very informative and should bz openly available to the public before

they purchase any vehicle.
Contact
Office oF Puhlic and Censumer Affairs

US Dezpartment of Transportiaticn
Kashington. OC 20320




Censuvar Infortatien Cat

This offers to the pudlic

variety of materials and inTormaticn.

nutrition, enercy, dieting, housin

Very infowrative,

Sumnary

Exceilant.
Contact

Consymer Information Catalog
Consumar Information Center
Fall 1980 issue

Przbile, folerzoz U700

- R

= - .- .y & .
If froe, mleouzz ne%2 Tres ¢noen

2looe
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ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

IP-4. Conservation Through Car-Poeling
OBJECTIVE

Upon completion of this instructional package, you will be able to:

A. Compute the cost of operating a vehicle with one passenger as compared to
operating a vehicle with five passengers.

-

RESQOURCES

Books:
Energy Technology: Sources of Power. Schwaller, Anthony E. Worcester, Mass:
Davis Publications, Inc., 1980.

U.S. Dept. of Energy Pursuant to the Provisions of the Energy Conservation and
Production Acts. U.S.D.0.E. (ECPA) P1 94-385.

Additional Resources:

Information Tables, 1P-4, 1-1 through 1-3

Materials Needed: Five (5) cars




ACTIVITY

A,

Have five people living in the same area drive to school alone. then have
five people ride to school together in one vehicle.

Compute the cost for each individual driver and sum the cost for operating

five vehicles; then compare that cost with the cost of operating one vehicle
which transported five people.

FEEDBACK

Qbjective A Check:

A.

Your conclusion should have been that car-peoling save energy and that the
degree of inconvenience are primary considerations when deciding whether ‘or
not car-pooling will increase.

Your conclusion should have been that when deciding whether or not car-
pooling will increase, the two primary considerations are:

i. Car-Pooling saves energy
2. The degree of inconvenience




Information Table IP-4, 1-1

VEHICLE
VEHICLES FOR MILES
MODE(S) AND OPERATING STRATEGY 50 PASSENGERS PER DAY FUEL

Car Pool (maximum of 5 passengers, 320 ‘16 gallons
average 3-4 passengers) (@ 20 mpg

. Van Pool {maximum of 18 passengers, 30 8 gallons
average 11-15 passengers) ' . _ @ 1¢ mpg

Bus

(A) Park-ride express 1 Bus 6+ gallons
' ‘ (@ &% mpg

with car pool feeders 16 Autos 5 gallons
: T@20°mpg T

3+ gallons
. , @ 4% mpg
with car pool ieeders - 16 Autos 5 gallons
bus parking to reduce . _ @ 20 mpg
deadhead mileage '

Park-ride express - 1 Bus

Park-ride express - self fed o - 10 gallons
@ 4 mpg

Park-ride express - self fed . ) . 6% Gallons
Bus parking to reduce deadhead miles (@ &% mpg

Local bus - self fed 13+ galions
. @ 3 mpg




MODE(S) AND OPERATING STRATEGY

Car Pools

Van Pools

Park-ride exi:ress with
car pool feeders

and

Park-ride express with
car poo! feeders and
bus parking to reduce
dead head miles .

Park-ride express - self fed,

Park-ride express - self fed
with bus parking to reduce
dead head miles

and

Local bus - sell fed

TABLE 2

Information Table IP-4, 1-2 .

COST NEW

$112,000
(16 @ $7,000)

$48,000
(¢ @ $12,000)

.$150,000
(1 @ 150,000) -

$112,000

(16 @ 7,000)

$252,000

$150,600
(1 @ 150,000)

ANNUAL COST

$22,400
(5 year life)

© $9,600

(5 year life)

" $10,000

(15 year life) .

$22,400
(5 year life)

$32,400

$10,000

(15 year life)




Information Table 1lP=4, 1-3

A Sample of General Relative Rankings from Another Project

Transportation System Improvement Relative Ranking

Ridesharing
Traffic Signalization _ HIGH
Intersection

Vehicular Flow and Roadway

Parking Management and
Park—-and—Ride

Peak Period Travel Reduction

Transit {(except P & R)
Paratransit (except Ridesharing)
Bicycle ’
Auto Restrictions

(in central area)




ENERGY CONSERVATION IN PUBLIC TRANSPORTATION
Ip-s. Conserving Energy by Design

OBJECTIVES

Upon completion of this instructicnal package, you will be able to:

Compare the fuel consumption of a2 vehicle which is designed to reduce air
drag to a vehicle which is not to determine the effects of air drag.

Determine which engine design is most efficient.

RESQURCES

Books:

Automotive Mechanics. Crouse, W.H. New York: McGraw-Hill Book Company, 1970,

Energy Conservation: Tramsportation. DOE. Qak Ridge, TEnnessee U.S. Dept.
of Energy, Technical Information Center, n.d. .

Energy Technology: Sources of Power. Schwaller, Anthony E. Worcester, Mass:
Davis Publications, Inc., 1980,

Magazines:

"What We're Already Doing to Save Energy." Changing Times, August 1977.

U.S. Department of Health, Educat1on, and Welfare, President's Energy Message.
Consumer News, May 1977, Vol. 7, (9).

Refer to Resonrces in IP-3,




ACTIVITY -

A. Compare the data from a trucking company to determine whether air drag
consumes energy.

Read the literature to determine how each type of engine is designed,
how it operates, and its approximate efficiency.

FEEDBACK

Objective A-B Check:

You should have concluded that air drag absorbs a significant part of the
power of vehicles, particularly at kigher speeds.

You should have also concluded that many improvements are being made in
the design of engines for automeobiles. Some improvements include the elec-
tronic ignition, precise fuel injection methods, and use of other engine de-
signs such as diesel, gas turbine, and Stirling engines. On an average, the
gasoline engine is 22% to 28%Z efficient; the diesel engine 327 to 38% effi-
cient; and the gas turbine 42% to 48% efficient. The Stirling engine design
is even more efficient, although certain technological improvements are still
needed before it is marketable.




POST-CHECK

ENERGY CONSERVATION IN PUBLIC TRANSPORTATION

Directions: Answer the following questions by providing the appropriate

response.

After starting your car in the morning, how long should you let your
engine warm up before starting your trip. |

How many miles can.you drive at 40 mph on the gas your engine burns
while idling for 10 minutes?

What percentage of gas will you save if you drive at 55 mph instead
of cruising along at 70 mph?

How much money in fuel savings can the average commuter save yearly
if he/she joins a car-pool?

Directions: Place the best response to each question in the space provided.

——————

1.

When starting from a stationary pesition, which car will start more
efficiently? s

A. A car that starts out quickly
B. A car that starts out slowly
C. More information is needed

Which of these three (3) items is most responsible for poor fuel
economy? .

A, Fuel Line C. Tire Pressure
B. Ignition

1f your tires are 10 lbs. below the manufacturer’s recommended tire
pressure maximum, how much is your gas mileage reduced?

A. 19% C. 5%
B. 3%




MODULE NIRETEEN

CONSERVING ENERGY THROUGH DRIVING HABITS

Prepared

by

Ellis E. Lawrence
Department of Industrizi Arts and Technology

Elizabeth City State Unilversity
Elizabeth, NC

USDOE Sponsored Faculty Development Workshop on Energy
Conservation for IAE at North Carolina State University
June 1981-R.E., Wenig, Director




CONSERVING ENERCY THROUGH DRIVING HABITS

There are several proven ways in which we can conserve energy and natural
resources through our driving methods. Among these techniques are: knowing
and driving at certain speeds, proper turning of your vehicle, correcting tire
pressure, planning &gead to reduce excess trips and driving as little as
possible.

After reviewing the following research, you will able to utilize the
information procedures to reduce fuel energy consump:ion.z The topics covered
in this module include the following: (1) How to Drive More Efficiently,

(2) How to Plan Your Trips and (3) How to Care for Your Car. The activities
which include testing and laboratory exercises will have to be completed by
answering at least 80% of the questions on the Post-Test correctly and complet-
ing .each activity under the imstructor's supervision.

Achievement of the terminal performance objective will be accomplished
by successfully completing three instructional packages. If you feel that you
have already acquired some knowledge about conserving energy through transporca-
tion efficiency, vou may wish to take the Pre-Check to determine the extent of
your knowledge. The results of the Pre-Check may be used to diagnose and
prescribe yhich or all the instructional packages needed to complete this
instructional module. If you lack any knowledge about conserving via your
driving methods and car care, you may eliminate the Pre-Check and begin the
first instructional package. The results of your own individual diagnosis and
prescription may be recorded below.

INSTRUCTIONAL PACKAGES

IP-1. How to Drive More Ffficiently

IP-2. How to Plan Your Trips

Ir-3. How to Care for Your Car

It should be noted at this point that most research in this aqreq is in
panphlet form. There is a need to compile the information found in the
pamphlets into one document or text.

A large portion qf this tnformation used to develop this module was taken
foom Driver/Vehicle Energy Conservation (DRIVEC) Training Progronm.

Zro cbtain'mumimum effietency,-you must follow all of the suggestions.




PRE-CHECK

CONSERVING ENERGY THROUGH DRIVING HABITS

Directions: Complete the blaaks or place a check in the space before the best
answer In the multiple choice questions.

How to Drive More Efficiently

1. When starting from a stationary position, vhich car will start
more efficiently?

" A, a car that starts out quickly
B. a car that starts out slowly

How much time, over athree (3) mile city driving route, will a
driver save by driving In an erratic manner with uneven speed
and abrupt vehicle movement as compared to a driver who antici-
pates traffic and drives at a smooth and constant speed.

A. 1 minute B. 45 minutes C. almost no time at a1l

How far can you drive at 40 mph on the gas your engine burns
while idling for 10 minutes? miles

How much gas will you save Iif you drive at 55 mph instead of
cruising at 70 mph? percent

On the highway, at highway speed, you will generally use less
gas by:

A. opening the window

B. turning on the air conditioner

When driving uphill, it is more efficient to:

A, start accelerating on the upgrade when your speed starts to
drop ° .

B. start accelerating Jjust prior to starting up the hill

After starting your car in the morning, how long should you let
your engine warm up before beginning your trip?

4

How to Plan Your Trips

1. From a cold start, approximately how much does it cost a driver
to drive four (4) miles to pick up a quart of milk?

2. If one person makes a separate trip to the bus stop, the super-
market, the glass store, the drug store, and to the loecal school
and another person goes to the same locatioms from next door, in
three trips there will be a savings in gasoline by:

A. the person making separate trips
B. the person making 3 trips
C. no savings in gasoline




PRE-CHECK

{(Continued)

3. How much money in fuel-saving can the average commuter gave
yearly if he/she joins a car pool? § °

to Care for Your Car

Which of these three items is mosﬁ responsible for podr fuel
economy? |
A, fuel line B. ignition C. tire pressure

If your tires are 10 1lbs. below the mamufacturer’s recommended
tire pressure maximum, how much is that reducing your gas
mileage? :

A, 1% B. 3% c. 5%

Identify six (6) svwntoms of engine operation that indicate a = -
need to have your ¢ checked by a mechanic.

A.

B'

c.

D.

E.

F.

If the car manufacturer specifies regular gas, will you get
improved zas mileage if you use higher octane gas?
A, No B. Yes




PRE-CHECK KEY

CONSERVING ENERGY THROUGH DRIVING HABITS

How to Drive More Efficiently

A

C

B

Over 20%

B

B

30 seconds

How to Plan Your Trips

1. $1.00
2. B

3. $ 300 to $ 1000 a year

How to Care for Your Car

Hard Starting
Fxcessive use of fuel
Stalling

Sputtering

Black smoking

Blue smoking




CONSERVING ENERGY THROUGH DRIVING HABITS
IP-1. How to Drive More Efficiently
OBJECTIVES

It is possible to conserve fuel by selecting the most appropriate driving
techniques. When vou finish this package, you will be able to:

Distinguish between the most wasteful and the most economical driving
practices.

Describe how to drive in a manner which would conserve energy and fuel.

Demonstrate and explain to your colleagues how to conserve by the
utilization of better driving practices.

RESOURCES

Before you begin writing objectives, you may want to review one or more
of the learning resources listed below: ‘

Pamphlets:
"S55 mph ~ The Texas 55 mph Safer Highways Campaign"
"55 mph — Saves Lives, Gasoline and Money"
"S5 Saves"
*To obtain the pamphlets above, contact:
Texas Safety Assoclation
Texas Office of Traffic Safety

State Department of Highway and Public Transportation
Austin, Texas 78701

"Eagy Ways to Cut Your Transportation Costs"

"Don't Be Fuelish"

*To obtain the pamphlets above, contact:
Dr. Frank Brouillet
Superintendent of Public Instruction
Olympia, Washington 98504

Kit:

Gas Savers, Department of Energy




ACTIVITY

We will now demonstrate how driving in a certain manner will reduce fuel
consumption.

Start from a stationary position quickly and slowly. Record your fuel
consumption when starting from both positions and compare.

Drive In city traffic at 8:00 a.m. in an erratic manner with uneven Speed
and abrupt vehicle movement. Please be careful! During che same time
period, have a friend drive a vehicle of the same type (engine size,
welght, etc.) through the traffic at a smooth and constant sSpeed

while anticipating traffic. Compare the amount of time utilized in both
cases.

Let an automobile idle for ten minutes. Compute the amount of fuel
consumed. Now apply the computed amount of fuel in the same automobile
and determine (by driving as far as possible) the distance you can drive
on the fuel consumed while idlding. -

Place an automobile on a dynamometer for 15 minutes at a speed of 55 mpﬁ.
Now increase the speed to 70 mph for 15 minmutes. Compare the amount of
fuel used at 55 wph to the amount utilized at 70 mph.

KRave two similar vehicles (one with windows open and the other with the
windows -closed and air conditioner on) drive 30 minutes at 55 wph. -
Compare fuel consumption.

Bave two similar vehicles approach a hill at the same time. Let one
driver accelerate on the upgrade and the ocher driver accelerate just
prior to starting up the hill. Compare fuel consumption with accurate
neasuring devices.

FEEDBACK

Objective A-C Check:

The activities listed above, if conducted properly, should yield results
indicative of the answers prcvided in the IP-1 section on the Pre-Check Key.
If they did not, conduct the activities again.

Your findings in most cases should
in a certain manner will reduce fuel consumption.

Instructor's Approval




CONSERVING ENERGY THROUGH DRIVING HABITS

IP-2, How to Plan Your Trips

OBJECTIVES

This package will ghow you the importance of plamning your trips which
would thereby reduce their number and your fuel consumption.

Describe the different planning techniques

l. Car-pooling
2. Planning family errands
3

. Plaoning social and recreational trips and, in some cases, eliminating
trips .

Establish resources to assist you in conserving fuel through planning
trips. .

Establish the techniques for comparing fuel consumption during the
unplanned and planned trips on an average week.

RESQOURCES

To help you reduce your fuel consumption by plamning techniques, use the
resources listed below.

Kit:

Gas Savers, Depart:men.t of Energy
Conservation and Solar Applications
Office of Transportation Programs

Energy Efficiency

Mrs. Cynthia McLaughlin
Driver Efficiency Program
C$5-830 (Resource Materials)
Department of Energy
Washington, DC 20585
Phones 1-800-424-9043

Filmstrips: !

The Driver Educaticn Energ&;gpnservation » by Larry L. Cathell, State of Ohio
Driver Education Section, Columbus, Ohio 43215.

The Drive for Consexvation




RESQURCES
{(Continued)

Film:

Running on Empty




ACTIVITY

A. Record the number of trips and the amount 0f fuel consumed for a normal
or avefage week. Make sure you have accurate measuring devices to
determine the amount of fuel consumed.

Now,: plan each Efip and reduce the total number where possible by combin-
ing as many as possible.

Compare your fuel consumption for activities A & B.

FEEDBACK

Objective A-C Check:

Check your responses for objectives A, B and C with ihe information below.

The various planning techniques should have revealed that planning and reducing
trips conserve fuel consumption.

Instructor's Approval




CONSERVING ENERGY THEROUGH DRIVING HABITS

IP-3 How to Care for Your Car

OBJECTIVES

This package will hélp you (the driver) take care of your automobile and
reduce fuel consumption simultaneously.

Properly inflate tires t¢ highest recommended pressure to réduce friction
tire wear, handling difficulty and excess stress on steering mechanisms
and fuel consumption.

Select the best lubricants or 0il for high mileage.

Describe the symptoms which indicate a need for certain adjustments and/or
a tune—-up.

RESQURCES
To help you reach your objective, you may use the resources listed below.
Pamphlet:

Best Way o Cut Your Transportation Costs!

Contact: Via Dr. Frank Brouillet - Bill Hiblar
Superintendent of Public Imstruction
Olympia, Washington 98504

Get More Mileage per Gallon..

it

Contact: Missouri Depé}tment of Natural Resources
Box 1309
Jefferson City, Missouri 65102

Phone: 1-800-392-0717

Booklet:

The Road to Comservation

To obtain this booklet contact:
Atlantic Richfield Company
515 South Flower Street
Los Angeles, Califormia 90071

Champion Spark Plug Company
Box 910
. Toledo, Ohio 43661




RESQURCES
{Continued) .

Kic:
Gas Savers, U.S. Department of Energy

Contact: Cynthia McLaughlin
Driver Efficiency Program
CS-830 (Resource Materials)
Department of Energy
Washington, DC 20585 -

.

Books:

Automotive Mechianics by William H. Crouse, 8th ed., McGraw—-Hill, New York, NY,
1980.

Auto-Mechaniecs by Jay Webster; Glencoe Publishing Co., Inc., Encino, CA, 1980.

Automotive Diagnosis and Tune-Up by Guy F. Wetzel, McKnight Publishing Co.,
Bloomington, IL, 1974.

Other:

A Mechanic or Automotive Instructor




ACTIVITY

A. Study each of the suggested resources.

B. Observe a mechanic while he completely tunes your automobile or amother
one, '

C. Have a mechanic take you for a test drive in several faulty vehicles

and attempt to diagnose the problems which may exist.

b. Decide a vehicle needs an oil change or a tune-up. Use your resources
to justify your decision-making.

E. Drive a vehicle 10 psi below the maximum tire pressure for a distance of
50 miles at a speed of 55 .wph, then,.inflate the tires to the maximum

tire pressure and again drive the vehicle the same distance and atr the
same speed. Compare the fuel counsumption in both cases.

FEEDBACK
Objective A-C Check:

After completing the activities and reviewing the resources, you should
be able to: :

1. Answer the pre-test questions for this section correctly.

2. Decide when a tune-up and oil change is needed for your automcbile.

3. Know how to care for your car in a manner which yields the most fuel
efficient vehicle. -

If you canpot perform the three itrms above, please review the resources and
repeat this package.

.. <540
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POST~CHECK

CONSERVING ENERGY THROUGH DRIVING HABITS

-

DIRECTIONS: Complete the blanks or place a check in the space before the best
answer In the multiple-cholce questions.

1. From a cold start, approximately how much does 1t cost a driver to drive
four (4) miles to pick up-a quart of milk?

2, After starting your car in the morning, how long should you let your
engine wvarm up before starting your trip?

3. When starting from a stationary position, which car will start more
efficiently?
( ) A. A car that starts out quickly ( ) B. A car ~hat starts out

) slowly

4. How much time, over a three (3) mile city driving route, will a driver
save by driving in an erratic manner with uneven speed and abrupt vehicle
rmovement as compared to a driver who anticipates traffic and drives at a
smooth and constant speed?
( ) A. 1 nin. ( ) B. 45 min. ( ) C. almost neo time at all

5. How far can you drive at 40 mph on the gas your engine burns while idling
for 10 minuytes? miles

6. How much gas will you save if you drive at 55 mph instead of cruising along at *
70 mph? percent

7. VWhen driving up a hill, is it more efficient to: ( ) A, Start accelerat~
ing on the upgrade when your speed starts to drop ( ) B. Start
accelerating Just prior to starting up the hill.

8. On the highway, at highway speed, you will generally use less gas by:
( ) A. opening the window ( ) B. turning on the air conditionmer

9. Which of these three (3) items is most responsible for poor fuel economy?
( ) A, fuel line ( ) B. 1igpnition ( ) C. tire pressure

10. If your tires are 10 1bs. below the manufacturer's recommended tire
pressure maximum, how much is that reducing your gas mileage?
( ) Ao lz ( ) Bo 3% ( ) C. Sz

11. Identify six (6) symptoms of motor operation that indicate a need to have
your car checked by a mechanic? ;

ao di s
b. .
Ce ?.




POST-CHECK
(Continued)

If the car manufacturer specifies regular gas, will you get fmproved gas
mileage if you use higher octane gas?
{( ) A. No ( ) B. Yes

If one person makes a Separate trip to the bus stop, the supermarket,
the glass store, the drug store, and to tihie local school and another
person goes to the same locations from next door, in three trips will
there be a saving in gasoline by: ( ) A. the person making separate
trips ( ) B. the person making 3 trips ( )} C. no savings in
gasoline

How much money in fuel saving can the average commuter save vearly if
he/she joins a car pool?
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CONSERVING ENERGY THROUGH AUTOMOBILE MAINTENANCE

The automobile has provided the American public with a mobility unlike
any other society in the history of man. It has become an integral part of
our everyday lives. The 1973 o0il embzzgo brought first notice of the coming
fuel and energy problems. In order to extend the life span of the known
current supplies of fuel we must puximize the fuel economy of the 108,000,000
vehicles on the American highways.

With the knowledge of the basic auto maintenance procedures the learner
can safely perform energy conservation tasks with a minimm investment in tools
and equipment. .

TERMINAL PERFORMANCE OBJECTIVES

Upon completion of this module you will be able to complete routine
owner maintenance on a vehicle to maximize return on investment in fuel.

INSTRUCTIONAL PACKAGES

IP-}. Fuel and Emission System Service

IP-2. Ignition System

IP-3. Tires and Eralkes




-

CONSERVING ENERGY THROUGH AUTOMOBILE MAINTENANCE

PRE-CHECK

Fuel and Fmission System Scrvice

1. Most automotive mamufacturers recommend that you replace the air
cleaner element:
A, Every 3000-4000 miles B. Every 6 months C. Every 6000-8000
miles D, Every 1000 miles E. Every 12 months or 12,000 miles

Alr cleaner elements are never serviced, just replaced.
A. True
-.B., False

Two types of air filter elements are:
A. Paper and polvurethane B. Paper and wire C. Fiberglass and
paper . D. Fiberglass and polyurethane E. Wire and Polyurethane

The PCV valve

A. Meters alr to the carburetor B. Meters air to the valve covers
C. Varies air flow in the PCV system D. Cannot reduce air
pollution E. Aids in oil consumption

A dirty fyel filter may cause an engine to accelerate slowly.

A. True
B. False

Ignition System

1. Most engines have the basic timing index located on the:
A. Distributor B. Flywheel C. Distributor Cap D. Carburetor
E. Vibration Damper

The vacuum advance mechanism is usually unhooked when checking
basic timing. -

A. True

'B. False

Basic timing assures correct timing at only one speed.
A, True
B. False

On electronic igrnition systems the spark plugs require more
service than any cther part.

A. True

B. False

The spark plug heat range is determined by the:

A. Engine operating temperature 3B. Plug gasket C. Center
electrode D. Plug shell E. Lengtk of the insulator
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PRE=-CHECK

(Continued)

Tires and Brakes

1.

Thereﬁgre basic types of tire construction.
A, 2 B.3 €. 4 D.5 E. 6

Radial tires may contribute as much as percent to fuel
economy. ’
A. 1 B. 2 C. 4 D. 5 E. 6

is not advisable to mix radial tires with other types.
True
False

Maximum tire pressure is always stated in the owper manual.
A. True
B. False

Hydraulic brakes should be inspected every niles.
A. 5000 B. 10000 C. 12000 Dp. 15000 E. 17000




PRE-CHECK KEY

CONSERVING ENERGY THROUGH AUTOMOTIVE MAINTENANCE

Fuel and Emission System Service

1.
2.
3.
4.
5.

Ignition System

1.
2.
3.
b
5.

Tires and Brakes

1.
2.
3.
4.




_—CONSERVING ENERGY THROUGH AUTOBOBILE MAINTENANCE

IP-1. Fuel and Emission System Service
OBJECTIVES
Upon completion of this instructional package, you will be able to: .

Identify and describe the operation of the air cleaner, positive crank-
case ventilatior valve, fuel filter and charcoal canister element filter.

Remove the air cleaner element, check, service and/or replace it.

Test the positive crankcase ventilation valve and remove and replace it,
Remove and replace the charcoal canister filter element.
Remove and replace the fuel system filters.
(LY
RESQURCES
Please review the following resources which refer to this instructional
package, .
Books:

Automotive Encyclopedia by Toboldt and Johmson, Goodheart Wilcox, 1968
Pp.241-243,

Automotive Mechanics by Herbert Ellinger, Prentice-Hall.




ACTIVITY

A Review the instruction materials listed in the resource section of this
module,

Do each of the items listed below and place a check mark in front of the
statement when completed.

Air Cleaner Service

Open the hood on the vehicle.

Locate the air cleaner and note attaching mechanism.

Remove the wing nut and/or attaching bolt on the air cleaner.
Unhook the hoses osac valve and/or temperature sensors in the air
cleaner housing. -

Unhook the hot air duct to the exhaust manifold.

Remove the air cleaner assembly to the work bench.

Open the air cleaner assembly and remove the element,

Observe the element and note the following conditions, check item
which applies.

clean and dry

‘black and dry

black and wet or olly

Check your recommendation for this element.

clean and re-use
replace element
Have your instructor check your recommendation

Instructor Signature

Clean out any foreign material in the air cleaner housing.
Re—assemble the air cleaner and element on the carburetor.
Re~attach the vacuum lines to the air cleaner.

Check the heat duct from the manifold to the air cleaner for align-
ment.

Re-check vacuum line commection to the air cleaner and compare with
vacuum hose routing chart in engine compartment.

Open the hood of the vehicle and locate the P.C.V. valve in the
line (hose) from the carburetor base to the wvalve cover,

Start the engine and let it idle.

Pinch the hose commected to the PCV valve. If the valve is working,
you will hear the engine idle speed drop.

If cthe idle speed does drop the vzlve is working.

If the idle speed does not drop remove any clamps on the hose and
pull ouc the PCV valve.

Replace the PCV valve with a new one that matches the one from your
vehicle, Be sure to check application spgcifications.
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ACTIVITY cont.

3.

a. Open the hood of the vehicle and-remove the air cleaner assembly;jﬁ

Charcoal Canister Filter Replacement

a. Locate the charcoal canister under the hood of the vehicle.

b. Note that it is attached with a ecircular band and one screw.

c.. Remove the screw (bolt) from the band, it is not necessary to remove
" the hoses from the unit.

Invert the canister and note the fiberglass filter in the bottom.
Gently pull the filter from the canister.

Install a new filter and re-attach the canister.

Fuel Filter Replacement Chrysler and AMC Vehicles

Open the hood of the vehicle and locate the fuel filter in the fuel
line to the carburetor.

Loosen the hose clamps at the ends of the filter. )

Remove the filter by pulling back on the rubber hose at each end.
Checl: the hoses for signs of deterioration and replace if necessary.
Install a new fuel filter. Note the direction of fuel flow on the
filter housing.. The arrow should point to the carburetor.

Start the engine and check for leaks.

Ford Vehicles Fuel Filter Replacement

a. Open the hood of the vehicle and remove the air cleanmer. Most Ford
filters screw directly into the carburetor at the fuel line inlet.

b. Remove the hose clamp at the fuel line hose.

€. Pull the hose free from the filter.

d. Using the proper size wrench, unscrew {(counter clockwise)} the fuel
filter and discard the unit.

e, Install a new fuel filter and re=-attach the fuel line hose and clamps.

f. Start the engine and check for fuel leaks. }

g. Replace the air filter aseembly.

General Motors Vehicles Fuel Filter Replacement ] 4%??

b. Locate the fuel line where it enters the carburetor. Most G.M. rs
have the fuel filter housed in the carburetor at the fuel line inlet.
Disconnect the fuel line at the carburetor {use two wrenches to avoid
twisting the fuel line).

Wwith the fuel line unhooked, loosen the largest nut with a wrench.
This is the fuel filter housing.

There is a light spring behind the fuel filter. ©Note the positioms
of the spring filter and gaskets as you remove them.

Install a new filter in the carburetor and tighten the housing.
Re=-connect the fuel line.

Start the engine and check for leaks,

Replace the ailr cleaner 2ssembly.
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FEEDBACK

Objective A~E Check:

Having completed the activities sections of this package, please report
to the instructor. He will inspect your workmanship and sign your package.

Instructor'’s Signature

Date




CONSERVING ENERGY THROUGH AUTOMOBILE MAINTENANCE

IP-1. Ignition Systems

OBJECTIVES
Upon completion of this instructional package, you will be able to:

Describe the importance of proper ignition timing and its relationship
to good fuel econcmy.

Check and adjust. basic ignition timing with a timing light.

Describe the operation, application and selection of spark plugs.

Remove, inspect, service and/or replace spark plugs.

RESOURCES

Please review the following materials which refer teo this instructional
package.
Books:

Same as IP-2. (Automotive Encyclopedia, 1968 Edition pp. 401-402),

Same as IP=2, (Automotive Mechanicé).




ACTIVITY

Review the instructional materials listed in the resource section of
this package.

Write a paper describing the three basic types of tire construction and
the advantages and disadvantages of each. Draw 1llustration to 1llus~
trate types.

Upon completion of the steps noted below, place a check mark in front

of the gtatement.

Checking tire inflation

a. Check the owner manual for proper tire inflation pressure. Some=~
times this may be found on the driver's door post. Record the proper
pressure here P.S.1.

b. When the tires are cool, locate the valve stem.

c. Unscrew the valve stem cap counter clockwise by hand.

Arply the end of the tire pressure gauge over the tire airxr valve.
Press down to obtain a pressure reading in P.S.I. on the gauge.
Read the tire pressure indicated on the gauge.

If the pressure is correct re-install the valve stem cap.

If the pressure 1s too high depress the core in the center of ‘the
valve stem to release some air.

Re=check tire pressure and repeat until pressure is correct.

If the tire is under-inflated, place the end of the compressed air
supply hose over the tire valve stem and depress momentarily.
Re—check the iire pressure and repeat until pressure 1s correct.
Re~install the valve stem cap.

Write @ brief paper describing the operation of the hydraulic and parking
brake system of an automobile.

List the major component of a Bydraulic brake systen.

Upon completion of the éteps %Elaw, place a check mark in front of the
statenment.

Jack the front end of a vehicle until the wheels are off the floor.
Place jack stands under the vehicle.

With a partner applying the brakes in the car, attempt to rotate
both front wheels = they should not turm.

With the brakes released both front wheels should turn freely. If
the wheels do not turn freely, the front brakes are dragging and
need to be serviced.

Remove the jack stands and lower the vehicle.

Repeat Steps A through D for the rear wheels.

Apply the parking brake and repeatr Steps C and D.

Repeat Step E.




ACTIVITY

A.

B.

Review the instructional materials listed in the resource section of
this package.

Write a one-page paper describing the relationship between ignition
timing and good fuel economy.

Upon completion of each of the steps below place a check mark in front
of the statement.

Engine Timing-Conventional Ignition Systems

With the engine stopped, clean the timing marks on the harmonic

balancer and engine block.

Chalk the timing marks you want to align.

Check the service manual for timing specification and record below
degrees B.T.D.C. or degrees A.T.D.C.

(Late model cars have the proper timing listed on the emission label

under the hocd.) :

Connect the timing light to the engine. The black lead wire is

grounded or comnected to the negative battery terminal. The red lead

is positive and connected to the positive battery post. The remain-

ing wire (larger diameter) is connected to the No. 1 spark plug with

adaptors or clips over the No. 1 spark plug wire. (Check the service

manual to determine #1 plug and wire)

Make sure all wires are clear of the fan and other rotating parts.

Start the engine and allow it to reach normal operating temperature.

Aim the timing light at the timing marks. If the chalked marks line

up, the engine is timed correctly, proceed to step K. If not lined up,

proceed to the next step.

With the engine still running loosen the distributor hold-down bolt.

Wich the timing light operating,rotate the distributor housing until

the timing marks line up.

Tighten the hold-dc-—m bolt and re-check the timing.

Stop the engine and remove timing light.

Re—connect the vacuumiiine to the distributor vacuum advance.

) P 4
Write a one-page paper QEscribing the function and selection of spark
plugs. £

Spark Plug Service. Upon completion of each of the steps below place a
check mark in front of the statement,

With a cool engine, carefully remove the spark plug wires from the
spark plugs. Numbering the wires will help you re-install them.
Don't pull on the wires. Grasp the boot when removing plug wire.

Loosen each spark plug (counter-clockwise) with a spark ﬁlug socket
and ratchet. Back it out % to % turn.

554 573




ACTIVITY cont.

c. Use compressed air, if available, to blow dirt away from the plug
opening.

FEEDBACK

Objective A-D Check:

Upon completion of the activities'in this section, please report to your
instructor. He will inspect your work,

Instruct - " ignature

Date




CONSERVING ENERGY THROUGH AUTOMOBILE MAINTENANCE

IP-3. Tires and Brakes
OBJECTIVES
Upon completion of this instructional package, you will be able to:

Describe the basic construction advantages and disadvantages, application
and selection of automotive tires.

Describe the operation of the hydraulic and parking brake system in an
automobile.

Properly check and inflate automobile tires.

Safely raise a8 vehicle and check for brake application and release at
each wheel.

RESQURCES

Please review the following materials which refer to this instructiomal
package.

Books:

Same as IP-2. (Automotive Mechanics)

Same as IP-2. (Automotive Fncyclopedia, 1968 Edition Pp.633-640, 511-541).




FEEDBACK

Objective A-D Check:

Now that You have completed the activities in this section, please report
toe your instructor. He will inspect your workmanship.

Instructor's Signature

Date




POST CHECK

ENERGY CONSERVATION THROUGH AUTOMOBILE MAINTENANCE

DIRECTIONS: Provide the appropiate response to the following questions.

-

IP-1. Fuel and FEmission System

Ll

An air cleaner clement that is black and oily indicates that the
system should be serviced.

Clean air enter the PCV system through the

The charcoal canister filter filters air in the
system.

A partially plugged fuel fllter will reduce the vehicle's
speed operation.

Ignition System

5. The ignition timing light is connected to the battery and: )
A, the first spark plug in the firing order. B. the last spark
Plug in the firing order C. any spark plug -in the firing order
D. the first and last spark plug in the firing order E. none-
of the above

© Spark plugs always fire B.T.D.C.
A, True
B. False

A spark rlug' s number is determined by its heat range.

A. True
B. False

Tires and Brakes

8. Radial tires cannot be rotated ont a vehicle the same as conven-—
- tional tires. |
A. True , .
B. False ) N

The parking braké‘systgm on a vehicle is operated by means of:
A. cams B, -gears C. cables D.'rods E. springs

" Autodiotive tire pressures are more accurately checked with:
A. gas station air towers”. B. pencil type'gauges C. visual
observation . ’

K




. POST CHECK KEY

ENERGY CONSERVATION THROUGH AUTOMOBILE MAYNTENANCE

Fuel and Emission éystem .

1. PCV systems should be serviced
2. Air cleaner:

3. TFuel systems

4. High

-Ignition System

5. A
6. A
7. A

Tires and Brakes

8. ‘A
9., C

10. B
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ENERGY EFFICIENCY. IN THE TOTAL AUTOMOEILE OPERATION

The module is designed to provide an individualized instruction program
for analyzing energy efficiency as it relatés to the total automobile opera-
tion. . - .

TERMINAL PERFORMANCE OBJECTIVE *
Each student will describe and/or demonstraie recent advances in energy

efficiencies in the total automobile cperation (excluding engine) as
determined by a score of 90% or higher on an objective test.

INSTRUCTIONAL PACKAGES “ KNOW NFED

1P-1.  Modifying Transferral of Motion '

IP-2. Efficient Bedy Design

Engine Modification




PRE~-TEST

ENERGY EFFICIENCZE5 IN THE TOTAL AUTOMOBILE OPERATION

Modifying Transferral of Motion

l. - An increase in power {beyond ‘the highest 'transmission gear)
obtained through advantageous gear ratios is referred to as:
A. transmission B. differential C. overdrive 'D. speed control
F. micro-processor
A device that allows different gear ratios for different speeds
is referred to as:
A, E(1) '

-

The device that transfers motion to the rear axle is referred to
as the: '

AL F(D)

Elficient Body Design

List three reasons how rolling resistance, wind resistance and
weight can affect fuel consumption.

Engine Modification for Automated Controls

The device that automatically adjusts engine functions such as
fuel/air ratios is referred to as: :

A, E(1)

The device that automatically maintains the same speed is
referred to as: - :

A, E(D)

List three reasons how an MPG meter can reduce fuel consumption. -




ENERGY EFFICIENGYIIN THE TOTAL AUTOMOEBILE OPERATION

IP-1. Hodifying Transferral of Motion

OBJECTIVES

Upon completion of this instructional package, vou will be able to:

Identify advantages and disadvahtsges for each method of modifying
transferral of motion to obtaln increased efficiency as indicated by
scoring 957 or higher on an objective test,

" RESOURCLS

Books:

Fundamentals of Automotive Transmissions by W..Thomson, 1973 Chapters
6 and 7. | e

o

General Power Mechanics by William H. Crbuse, 1976, Chépter 28.

Automechanics by-Harold T. Glenw, 1976, Chapter 13:

Know Your Car by Willard A, Allen, 1974, pp. 158-163.

. <

' Infornation Sheet: A Consumer's Guide to Fuel Savings by National 'Energy
) Research Institute, 1979.




+  PRE-TEST KEY

EXERGY EFFICIENCIES IN THE TOTAL AUTOMOBILE OPERATION

Modifying Transferral of Motion

1..C
2. A
3. B

+

Ffficient- Bodv Design

Obtain answer sheet from instruector.

e

Engineer Modification for Automated Controls

. E
2. D
3. Obtain answer sheet from instructor




ACTIVITY I y

A. Fach student will participate in the discussion of operational theory
' . through’ lecture and demonstration of cut-a-way modeI(s).
Each student will draw a chart showing and listing the major
components of each device. - o ) “

Each student will define the important parts shown qn-the chart.

ﬂEach student will operate two transmissions having different gearing
ratios in order to determine: ~ .
1. obtainable RPM
2. economy

"Operate two differentials having different gearing ratios in order to -
determine:
1. deliverable pcwer to the wheels
2. economy
3. traction . ' o -

Operate a conventional transmlssion and one havlng overdrive in order
to determine: -

1. RPT (power) ’

2. economy {lower engine RPM)

FEEDBACK

Objective A Check:

1. Each student will atteﬂd class.

2. Compare chartito cut-away mbdellwith parts labeled.




-

ENERGY ﬁfFICIENéIES iIX THE AUTOMOBILE OPERATION

1P-2, Efficient Body Design

.
[N
@

Upon completion of this instructional paskage you will be able tof

A. Name three reasons why, wind resistance, rolling resistance and reductlon
in weight can affect operating efficiency.

LY ) \ *
RESOURCES
Books:

Running on Empty by Lester Brown, New York, Norton E. Company, 1974.

&
. The Whole Truth About Economy by Doug Roe, 1975.
T

Magazines:

"Cheating the Wind," by William Gurney, III, Popular Mechanics, Nov. 1980,
p. 123, '

-~

"Aerodynamics Take Off “and Fuel Economy Soars " by Del Coates, Crossroads,
’ Nov.-Dec. 1980, pp. 16, #17 and 50. :

Rating Radials for Tread Life, Tra%tion and Speed,™ by H. Schuldiner, Pogular
Science, April 1981, pp. 107-115. ,

"Hybrid~Tread Tire," by H. Schuldiner, Popular Science, J anssry 1981, p. 8l.

"Rubber Elephants,'" by William Gurney, III Popular Mechanics, December 1980,
pp. 50-63. ©




ACTIVITY

Participate in a lecture describing how wind resistance, rolling resis-
tance and reduction in weight can affect operating efficiency.

FEEDBACK
FEEDBACK

, Objective A Check:

Také a paper rewrite test.




ENERGY EFFICIENCY IN THE TOTAL AUTOMbBILE OPERATION

IP-3. EngiﬂeWHOQ}ficafion for Automated Controls

QBJﬁCTIVES
Upon compietion of this instructional package, you will be able to:
Identify édvantéges and disadvanrages for each method of modifying

engines ro use automated controls in order to obtain increased
ef ficlency as indicated by scoring 95% or higher on an objective test.

RESQURCES

Books:

“The Whole Truth about Ecomomy Driving by Douglas Roe, 1975, pp. 165-169.

Automechanics by Harold T. Glemn, 1976, Chapter 6.

Hagazines- .

"MPG Heter“ by Sid Stall er al., Pogular Science, August 1980, pp. 66-69.

""Dashboard. Navigator does Everything but Drive"™ by Wllliam Gurney, III
Popular H£chan1cs, December 1980, pp. 112-13.

Informational Sheet: A Consumer Guide to Fuel Savings by National Energy
Tes Research Instltute.




.\

ACTIVITY ‘ o .

A. Each student will participate-in a lecture describing how automated
controls increase efficiency.

Read Popular Science article on MPG meter and draw a schematic
illustrating the methdd of operation. ’

Arrange for students to ride in vehicle with MPG meter to see how it
functions. ‘ »

‘
»

Set up a road race with three comparable cars with the same amount of
fuel. One experimental car would have speed control and one would have
a microprocessor and one conventienal. '

-

FEEDBACK
Objective A Check:
Compare schématiq drawing with mark-up.

PAFullToxt Provided by ERIC




POST-CHECK

ENERGY EFFICIENCIES IN THE TOTAL AUTOMOBILE OPERATION

DIRECTIONS: Complete the puzzle peraairection.

IP"’I .

ACROSS

. 1. the device that allows different gear ratios for different speeds

DOWN -

2. the device that, transfers mbtion to the rear axle

4. the device that allows the engine to run slower while maintaining the
same speed through an advantageous gear ratio

IP-2

6. aerodynamic drag

ACROSS

7. apposition of tire motion

8. increased economy due to a decreased load




IP-3

Y

[

3. the device that automatica’ly maintains the same speed

5. the device that automatically adjusts 2ngine functions such as fuel/air
ratio

[

9. a vacuum operated device that indicates fuel economy

PAFullToxt Provided by ERIC




-

MODULE TWENTY-~-IWO
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COHSERVINC ENERGY THROUGH AUTOMOBILE ENGINE MODIFICATIONS

Americans are finally realizing that efficlency is important.” To a large
degree, they are reaching this level of awareness by cost-supply factors
diminishing natural resources. Many have concluded also that the "miraculous"
synfuels technology presents no guarantee of meeting our eaergy needs. This
learning sequence will directly affect your awareness of obtainable efficlency

through engine modifications and, indirectly, imbue a spirit of protecting our -

B

limited resources.

NOTE: This instructional module is a beginning point in the study of engine
modifications. By no means should this be considered a2 detalled course out-"
line.. Instead, this module represents a broad prospectus which each teacher
can modify and add the detailed information necessary to accomplish energy
conservation in this particular area.

1
b

TERMINAL PERFORMANCE OBJECTIVE

Each student will describe and/or demonstrate recent advances in auto-

moblle power conversion through engine modifications as determined by a score
of 95% or higher on an objective.

<
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IP-1. ' New Propulsion Designs - . ' S,

IP-2, Engine Modifications

Ip-3, Fuel Systéms Modifications

IP-4,  Energy Ixhibition (Optional)




DIRECTIONS:

PRE-CEECK

' CONSERVING ENERGY THROUGH AUTOMOBILE ENGINE HODIFICATIONSA

Check your énswers-with the pre~check kev. ff you make less than
100% per section, you will need to devote time in learning about
this area.

Fropulsion Designs
Another name for a rotary engine is
A, Offenhauser B. Stirling cycle (. Wankel D. Carnivorous
cycle

) -
A car that converts both electrical and chemlcal energy into
mechanical energy is referred to as
A. hybrid .- B. mulitiple-capacity C. Rankine-cycle D. internal
combustion gasoline engine ' :

An external combustion engine already proven to have a thermal
efficiency of close to 40% is the . oL

A, Stirling engine B. diesel engine C. gasclire automobile
engine D. Wankel engine

Engine HodificatioﬁS'

1.

A device that eliminates the need to adjust the dwell (setting
the points) iss ,

A. electronic ignition B. standard ign1tion C. super timing
phase D. fuel injection '
A device used to store energy in’'a rotating disc is the:

A. Brayton cvcle B. Besler condenser C. electronic ignition
D. flywheel

The process of using fewer pistons to provide pover for the auto-
mobile is referred to as:
A. a regenerator. B. turbocharging c. the V8=-6-4 D. a rotary

" engine

Fuel System Modifications

1.

Injecting a fine spray of H0 into the fuel stream in order to
increase fuel economy is referred to as: .

A. fuel injection B. electronic ignition C. water flooding
D. water injection : ) . i
The process of converting fuel/into a gaseous state before it
reaches the carburetor/intake‘manifold is referred to as:

593




PRE-CHECK

(Continued)

A. fuel vaporization B. fuel cell C. fuel injection D. a
free~piston engine '

The process of forcing extra fuel/air mixture into the cylinder
is referred to zs . o

A, vapor-cycle B. supercharging C. turbocharging DP. trans-
ducing i ' ; '

+

With the use of water injection, the compression ratio of a

typlcal gasoline automobile engine can be increased to approxi- -
mately as -high as -

A. 8.5:1 B, 11:1 C. 13:1 D. 16:1
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- CONSERVING ENERGY THROUGH AUTOMOBILE MAINTENANCE

PRE-CHECK XKEY "-.\

New Propulsion Desipns
1. €
2. A
3. A

Tngine Modifications

I. A
2. D
3. c

Tuel Systems Modifications

I. D
.20 A
3. B

c

) C
4, '




CONSERVING ENERGY-THROUGH AUTOMOBILE ENGINE MODIFICATION

L

IP-1. New Propulsion Designs

OBJECTIVES . - o | : ‘

" Upon completion of this iustructional package' you will be able to:

A. Describe and/pr construct at least one new propulsion design which would
result iIn greater fuel economy.

'_RESOURCES: Alternative Engine Designs

Books:
Alternatives to the Internal Combustion Engine by Rnbert U. Ayres, Baltimore.;
' The Johns Hopkins, University Press, 1972, Chap. 7-11. . -

Automobile Engines of Today and ;ombrrow by Irwin Stambler, New York: Grosset
and Dunlap, 1972, Chap. 2, 4-8. - .

-

Magazines:

"Axial-Piston Rotary Engine" by David Scott, Popular Science, August 1980
pp. 80-82, 113.

»
7

"ﬁazda RX-7" by Michael- Lamm, Popular-Mechanics, October 1380, pp.-86 87, 200
201.

"€an—the-Rotary Engine Surv1ve—the—lﬁﬂls4”-by—TUny*kssenza——?opu&af—ﬂechaa&c
October 1980, pp. 83-85, 206.

[N

"Mercedes Gas Turbine" by Jan Norbye;'Popular Science, March 1981, pp. 23,24.

RESOURCES: Hybrid Systems, ,

T

Books: -

Same as Alternative Engine Designs' Resources-IP-1. Alternétives to the i;
Intermal Combustion‘Engine, Chap. 12. :

-

Same as Alternative Engine Designs' Resources-IP-1. Automobile Engines of
Today and Tomorrow, pp. 108, 91, 109, 125.




'RESOURCES: lybrid Systems cont.

-

Magazines:

LN

Prop-in-a~Barrel Car by Gurney Williams, 111, edifor, Popular Mechanics, April
1981, p. 130.

-

Build Your Owm Hybrid. MI's Urban Town Car by Robert Riley et al., Mechanics
Illustrated, February 1981, pp. 61-54.

"Can the Hybrid Car Really Help Us”‘by Doug Bartholomew, Mechanics Illustrated,
February 1981, pp. 65, 127.

"Running on Wind and Sun'by Gurney Williams, I1I, Popular Hechanics, February
1981, p. 1l48.

"An 84 MPC PHirbo-Diesel”by Mort Schulz, Popular Mechanics, August 1979, pp. 42- .
44, s 154~158. , . +

"An Ama;}ng 75-MPG Fybrld Electric Caf'by Robert’' W. Marshall, The Hother Earth
Ne'a, July-August 1979, pp. 160-161.

‘"Hother s Own Hybrid Car)'The Mother Earth News, September-QOctober 1980, pp. 108-
110. .

'"55.Miles Per GallonﬂfThe Mother Earth News, March-April 1978, pp. 94-93.

'RESOURCES :

. *  Books: ' L T S

Running on Empty: The Future of the;Autamobile~inﬂan~0i1 Short World by Lester
_ R. Brown, et al., hew York, NY: W.W. Norton and Company, Inc., 1979, .
’ pp . 50-63 . - .

,

Magazinesr ’ _ : .

"U.S. MPG Champs"by Jim Dumne et al., Fopular Sciencéi_January 1981, pp. 39-46.

"M Designs for the '80'd"by Jim Dunne, Popular Science, January 1981, PP. 86—
88, 13 * -

"Technica1 Innovation: Haiimark of 1981 Anros"by Roger Rowand, Crossroads,
November-December 1980, pp. 8-15, 50.

-]

"Designed for Tomorrow by Howard Kenig, Cr055roads, May-June 1081, oP. 10-12. L

"Detroit Preview. Fuel Efficient Designs for '82 and 183" by Jim Dunne, Pogglar
' Science, June 11981, PP. 84-86. :

-

“GM'?ioneers Stirling Engineering and Fine-Tunes for More MPG"by Jim Dunné,,
Popular Science, October 1980, pp. 118-120. .

1




ACTIVITY.
Do each one of the activities listed below:

A. Review one or more of the inmstructional resources listed on the preced-
ing pages. . . C.

~ ﬁ, Read the directiong and complete the following activities.

Each student will:

l. Participate in rhe discussion of operational theory through lectures
and demonstratlons of cut—-a-way model(s).

*2. Draw one chart (chosen from a 1ist provided by the instructor). The
- major components will be shown and'identified on each chart.

*3, List and define the major components from the chart drawn. Co.

*4. Modify and/or operate one new propulsion design in order.to determine
fuel economv as compared t0 a conventional engine. The instructor
will provide a worksheet for the purpose of determining efficiency.

* Activities 2,3 and 4 should be carefully coordinated by the instructor.
This is to assure that the students will have . different activities in order
to cover and then be able to share all areas.

e ' - -
. |
-

FEEDBACK

> °  Each student will complete the following objectives:

-

Ohjective 4 Check:

[N

1. Turn in the appropriate chart and 115: of definitions to :he instructor.

» 2. Tusn in the worksheét to determinpe the efficilency of the lab experiment.

A

If all of the feedback objectives have been satisfactorily fulfilled (for rhis
determination, contact rhe 1nstructor), turn to the pext idstructional package.
If you have failed to successfully ‘complete each feedback obgective, notify
the instructor for further guldance.

' * R —




CONSERVING ENERGY THROUGH AUTOMOBILE. ENGINE MODIFICATION

IP:Z- Engine Modif;cations
OBJECTIVE$
Upon completion of-this instructional packasge, you will be able to:
A. Désﬁribe andfor construct at least one éngiue modificati&n which would

result in greater fuel economy. -
——

RESQURCES: Electronic Ignition

Books: ¢

General Power Mechanics by William H, Crouse et al., New York, NY: McCraw-
Hi11l, 1976, pp. 184~188.

Automechanics by Harold T. Glenn; Peoria:  Charles A. Bennett Company, 1976,
- pp. 289-292,

Running Qn Empty: The Future of the Automobile 4n an Qil. Short Hof;g by lester
R. Brown, Hew York, KY: W.W. Norton and Company, Inec., 1979, p. 58.

e -
¢
4

Magazines: . ~—

"Understanding Electronic Ignltion Systems by Dave Bowman, Popular Electronics,
July 1981, pp. 61~63 . ) .

ﬁServicing_Your'Car s Electronic Ignitioﬂ'by'aichgrd Day, Popular Science, May
1979, pp. 147-156. p :

-

RESQURCES: Flywheels: Storing Motdon - Books e

Alternatives to the Internal Combustion Engine bv Robert U Ayres, Baltimore.
The Johns Hopkins University Press, 1972 pp. 109-113, 211, 234-237,
262-263.

"~ Automobile Engines of Today and Tomorrow by Irwin Stambler, New YorL,
. Grossett and Dunlap,. 1972 p. 11,

MAGAZINES: - ‘ : °
"Battery-Saving Flywheel'by Susan Renner~$m1th Popular 9cience, Qctober 1980° 
PP. 82-84 ‘160, 161. 4




k]

RESOURCES: Flywheels: Storing Motion cont.

"Engine Mever Idles as Steel Flywheel Spins Qut Savings"by Gurney Williams, III
‘editor, Popular Hechanics, June 1981, pp. 98,99.

"Search for the Perfect Flywheer by'susan Renner—Smith, Popula¥ Science, January
15980. ’

Information Sheet?: s

Flfwheels: Storing Energy as Motion, United States Debartment of Energy,0PA -
001 (11-77)..

- RESOURCES: Peduction of Cylinders Used

Magazines:

"Cadillac's Revolutionary 3-in-1 V8"by Jim D-1ne, Popular Science, October 1980,
PP. 121, 122.

"Smokey Shrinks M's V6 into a 50 + MPG 3-Cylinder Enginé'by E. E@/Lindsey,
Popular Science, September 1980, pp. 48, 50.

" "The Rise and Fall of the V8 Enginé'by Rich Taylor, Popular Mechanics, December
1980, pp. ?5-79 119, 120. -

"What You Should Know before Comverting your V8 to a V@' by Tony Assenza et al., -
Popular Mechanics, December 1980 pp. 80, 81, 121.

"Convert Your V8 to a V@'by Michael Roach, The Mother Earth News, JulyhAugust 1979,
PP- lq&, 1&5.

J— SR, n

"o_in-1 Engine''by David Scott, Popular Science, July 1979, p.60.

Information Sheet:

Vg to V4: 1t Is Feasible and Fconomical, dhio Northern University, IP-2.

H




Flywheels: Storing Energy as Motiom

H (Department of- Energy)

(Place information sheet here -
see original module)




. INFORMATION SHEET IP-2

V8 to V4:

It Is Feasible and.Economical

Several vears ago, I came to thée conclusion that I could no longer drive
my CMC truck (30% V8) becauge of its terfibie fuel consumption. The logical
choices seemed either to sell the tpﬁck or install a six—c;linder engine. A
friend suggested that I convert it into a:"'four-cylinder." At ﬁirs;; I laughed.
Howé;er, the more I thought, the mwore plausible the idea seemed. ‘Four p}stons

would do the work. The other four "dead™ cylinders would still reciprocate,

prBducing“no power, but maintaining the ﬁalance of the crankshaft.
~. . .
To make a long story short, the ﬁnllow;ng factors had to be considered:

+

(1) preﬁention of compression in the four "dead" cylinders;

(2) prevention of fuel from entering the "dead™ cylinder;

(3) regulation of carburetion to the good cylinders.
These factors were achieved successfully with .very little material cost.

I now have over 10,000 miles on_the converted engine. The best part is

this: I increased my mileage réting from approximately liampg to 17 mpg
overall, 20 mpg for highway driviﬁg. ) . /
NOTE: At a later date, I am going to prepare a paper detailing precisely -

the method of conversion used.. If vou would care to ha&e a copy; notify me at ?

-

115 West Lehr Avefiue, Ada, Ohio  45810. I will mail the rf.'port‘;ahen if is

- avallable.

Tom Hill, Imstructor < ",
Ohio Northern University




 ACTIVITY
Do eaeh one of the activities listed below:

. Review one or more of the instruetional resources listed on the preceding
' pages. :

Read .the directions and complete the following aetivities.
Each student will. .

1. Participate in the discussion of operational theory through lectures
and demonstrations of cut-a-way model(s)

*2. Prepare a research pap r eoneerning.an energy conservation topic
(chosen from a list prokided by the instructor).
. - ) T e
Modify and/or operate one modiffed. engine In order to determine fuel.
econowy as compared to a conventional engine. The instructor will
provide a worksheet for the purpose of determining efficiency.

1

*Activities 2 and 3 should be carefully coordinated by the instruetor; This 1is
to assure that the students will have different activities in order to cover
and then be able to share all areas. '

. FEEDBACK

Each student wiil complete the following‘objeetives:

-

Obiective A Check: ' '

Write a report on flywheel use in energy conservation. U

Hand to the instructor the assigned research paper.
Turn in the worksheet used to determine the efficiency of the lab experi-~
ment. - :

Diagrm{“a conventional and electronic ignition and explain the differences
and similarities. o .

Write a report on cylinder size and its influence on automobile emergy fuel -

and -power consumption. ;

“ If ail of the feedback objectives have been satisfaetorily-fulfilled (for this
determination, contact the instructor), turn to the next instructional package.

" If you have failed to successfully complete each feedback objeetive, notify the
instructor»for further guidanee.




CONSERVING ENERGY TIIROUGH AUTOMOBILE ENGINE MODIFICATION

IP-3. Fuel Systems Modifications

' OBJECTIVES _
Upon'coﬁpletioﬁ of this instructional package, you will se able to:

A. Describe and/or construct at least one fuel system modification which would
result in greater fuel ecomomy.

-

RESOURCES: Water Imjectionm

Books:

The Whole Truth about Economy Driving by Doug R&e, Tucson: H.P. Books, 19753,
PP - 81—8 2:0 -

Magazines:

"Water Injectiom: How It Works, How to Imstall It"by Dave Emanuel, Mechanics
Illustrated, March 1981, pp. 92, 134,

"Ron Novak's Do-It-Yourself Water Injection System! The Mother Earth News,
November-December 1979, pp. 114, 113, :

"Wateg injecfion Wizardry,' The Mother Earth News,: September-October 1979, p. 46,

MWater~Injected Turbocar, Popular Sciemce, August 1979, pp. 122, 123.

Information Sheet: ' ‘ : . .

A Consusier's Guide to Fuel Savings, National Energy Research Imstitute.

RESOURCES; Fuel Vaporization

t

Magazines;: -
"The Search for a'Nwaéste-Carburetor"by Bruce Wennerstrom, Mechanics Illustrated,
July 1974, pp. 47, 48. ‘ '

a

. Information Sheets

A Consumer's Guide to Fuel Savings, National Energy Research Institute.

585 | 6 D 4-
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RESOURCES: Turbocharging/Supercharging

Books:

The Whole Truth About Economy Driving by Doug Roe, Tucson: H.P. Books, 1975,
pp. 83, 84,

-Supercharg;gg_of Internal Combustion Engines: Fundamentals, Calculafions,'
Examples by K. Zinner, Chapters 1, 2, and 4,

Running on Empty: Thé Future of the Automobile in an 0il Short World by Lester
Brown et al., Xew York: W.W. Norton and Company, ":c., 1979, pp. 58, 59.

Magaiines:

1
¥

"§-s-s-supercharger!” by Gurney wllliams, II1, editor, Popular Mechanics, March
March 1981, p. 14S.

-
[y .

"No-Knock Turbocar"by David Scott, Popular Science, April 1981, p. 14,

"Turbocharging Puts the Zap Back in the Z-car”"by Michael Lamm, Egpﬁlar Mechanics,
June 1981, p. 85.

Taking Care of a Turbocharger” b}f‘fom Tappett, Mechan::.cs Illustrated, January =
1979, pp. 98-106.

"Water-Injected Turbocar”by David Scott, Popular Science, Angust 1979, pp. 122,
123.




A CONSUMER’S GUIDE TO FUEL SAVINGS

This pamph!ct is deszoned to provide the consumer with accurate mfom.mo-z co-n:e'nma fusd
economizing techmiques. Every effort has been mads to make this prc-scntanon 28 clear 20d consise
as possible. The pamphlet is divided into two sections. The first section lists ghose thinge which 21
drivers can do to cut their gasoline exponses immediately.  The sccond seetion  describes
medifications made 10 a 1977 Chevrolet Impala whtth impiemented cld, well- &nown ccm:"lcg"e w0
improve its cfficiency.

SECTION 1: ,

The list which follows is a compilation of information from the Departmeat of Transportation,
the Department of Energy, The National Acronautics and Space Adminisisating. an‘:i-cmxnt'.m
academic angd research institutes. The order in which items are presented i not an indication of
their relative iimportance. Occasionally certain brand names 07 manufacturers are recommeaded,
These recommendations, which 'are provided for the consum=c's convepiines, are bazed oo dam
provided by the manufacturers and testing done by .indspeaden: %em;es. : .

Qils and Lubricants , ' -

{1) Tke nex? time you change your oil, change 25 2 "low-iriction” ¢il. We sirongly secommend ciis
conlaining graphite or other "dlippery™ additives fike thos2 in Exxon Uniflo of the new low-fiiction
oils from Sunoco and Gulf. These oils cost aboui the same 2s stepdagd z:n.]ugzadc oilc but can ba
expected 10 provide a 2 t0 4% improvement in fuel ccondmy. They aiso reduce engine weas
‘When ustng gruphite vils, care should be taken 19 ovoid the use of double oil fiticrs as these
sometimes tend 0 clog. “There will be ac probiems howc»er, using a standard oif fiter

{2) Chanhe cntine o and §lter freouently.  Nover excccc‘. the recommended off chanse Jaiervals,
This will ‘canse unnecessary wear of tGic inicmnal engine pasts roselting in decreased MPG and
rechiced engine life. Some new oils, espec?a;ly the synthetics, claim exiended off change infervais
Altiiough the oil ftselfl does not breakdown. there is an incicase of combasting bj products which
costsminaty the off 2nd cause ipcressed engine wean.  Eren thete extended-BHfs oils shou'd be
changed at frequent interva® for mazimum engive protection ané fuct ecorcmy. I in doubi soout
oif change iatcrvals, use the followingz as a guide:

City Driving Highway Diiving

New Cars 3600 miles T 4000w
Cider Cars 4-5000 miles T 56000 rmites

“The investment of 2 small amouent of money et oézcanv vill Tesuit in ’u‘-starm_ ﬁ_cl shvings and
longer engine hfe

(3) Add 2 high- Pr"ss.xrc fricden mﬁchﬁer such 2s molybdenwsn diselfide to D Wbdricasts in the
war axle and matual tasmission {if yeu have ongy. Addition of this compnund will heip maintain
the Ticdonereducing qualides of these Jubreants Over 2 large range of oporating conditons,

Tires - ' ' . y .

£3) Tires arc an extremely 'mportap.. factor in fuo: coonomy. If you are zbout t buy ow dres you -
should know that radial tres are better thao bu.s-p'y af dias-pelind s, 2ad ther Io-v-mhin"
resistonce radials are betwer ihan standard radials. “The Goodycar Ariva is an exceptionatly efftcicns,
fow~roiling resistance tire which can be expocied 1o give a 4-65%2 fuel smsrgs isver fegatar mas..s
Since the Arriva cosiS 2b0ut Gie same as ondinyiy redials we Sisongiy oeommand n
,-eplac‘.rnem tira. _ .
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PAFullToxt Provided by ERIC

- explodes there. Since fue: econtmy can decrease by as much & 27% during. knock, you acteaily

TP-2 -

(2). To denve tw mavimam  fuel-sarings venelis oF aoy 12, it is Snenlnd that they e fndated in
tha swkimum recommended prassure (use the fxvie sumped o tha mde of @ox Greh. This nrew
should be chotiad when G 1ires aré cobd {i.e. Sefore she car is driven).  Siner G promis gay
on gas siStien T pumps are almost ahways inccnite, @ ir imporiant thal vou Loy 3 good
pressure gauge feost - $2-3.00). Tire pressure shouid be chacked woelly, eipecialiy on radia

E"

1%
i

"

~
LY

;

3} Periodic tire rowtion is rocemmended naly for blasply ar biavbeled Bree. Do not rotare tabicd,
tires valess they show signs of vhusts! o abnormal werr, Radiae Bres, n tneli nonnal e, wnd w0
woar i coruen Tgooeve” where 10ad contach s made.  Rollingeresistace s 200G miainem when
radiad tires opecate in this ashon,  Because of docreased rolling-resisizncs, fuel edifcioncy s
increased an:d wwre ife cuended. I radial tires are moiated, Thoy MuSt Do WEN IBIGE A Sew
“greove”.  Thos increases rolfing-resistince and, decrcnacs tire L.

{($ Balancing vnd wheel aligement are very impertad o peeper veliicle handiing s waell ag for
good fuel ceuncmy and dong tire like.  Both-ef these adjusmionts ar: especiaily important i you
pave radial tres Wien having dres instatied, 233 your moshanic to bfanes e Gre - eithor stadie
of dypamic (rvoommended for adial). Also hzve him st 2lignmon: os follows: o2jum toe-in and
camber o minanum seiing recoramended by wehicie manufacigier, and el catier ¢ maximom
positdve sctting spaxified by masufactures,

M ' 4+ L ’ . . - - ER . .
(1) Have the cagine tunad penodically. A guwof-tnme eagins can fause 2 10-15% deircise in fuel
ceonemy.  An enpine showdd be tunst every 10000 miles or every siv maonihy, whkchover ooees
first, Repidee <park plugs 2¢ recommended int2ivals] in an J-ayfinder o, two fouid 310as < g
vour fuel ccomomy by 20%.

{2} Peplace {1y PCY {potitve cranxcase veniiladion) walve podadically, The POV valse haios
maintain a belonced aic/fue! maxwre in Gie inaks manifold. A cogged PCYV salve will resnlt ©
poor engine prriommance and decreased fuel ecenomy.  Alse, the lack o suTmel cunlicease

‘ventlation can lend o hoavy siudge formation and engne damags.

{1) The autormsic choie thocld move fresly. Inspect it periodically and 2diust w to she zoper
position.. “Fud! nenaites of & suck or misadjusted choke <20 be 2s muck 453 5 miles pér ssilon

{#) Cheek air fkier ofien 20d replace whon diriy. A cicgued zir-fiter can oot fuel econouw by 23
much a3 1 mule per galion.  Replace Rl fltens 08 rocommtnded by renuiucnirern

Fuels

{1} Use the fud) and octanz rating recommended for your 2ar,  Hy uding gainiing witn tod e an
octane rating vou save a fow ceals bur you incroise the kclihcod of kaocking, espociely av
highway speeds or duning rapid scecieraiion or uphill driving.  Keoching iz canad by the
incomplete combusiion ¢f el in ihe cylingirs. The unburnad fuel enieds the eaxpaust maniiokhd a:id
losc money by using a fucl with too Jow a6 cctzrnc cting. Oan the oer hand. Jdon' use rremium
fuels if your gar rurs fine on regular. You won't got aay boiter gas miage and the enira Oclaze It
wasted .

{2) Use gasohol 0 reduce kaocking. Casohs! conwins 10% cthanst 9 narts gagline, 1 pant
ethanol) which helps 10 “nervase fael votane. reducing kaoecking and rez-on prsions. T you prikch
10 gasohol, be sure w0 Tepiace your fust fikar afier your Bngt iwo toakfulle Thae sizchol in de

0

gasciol looscn ditt in the gas {aak and Ricl lize and the @in @nds o ervemiiare in e Oher, 2
you do'not ropiace the funl Rlmer, it will becoms eipgmed remiMing in £00F 827 mdesre g poaeius
engine damage. :

n

Driving Habiss

{1) Wlcn surting your car. do nct pump fie & peddiz.  Teb domps saw gasedae inp e
carburetor which can no: bum completely, ssorcifly in 2 celd cegii  af o rad (s ad sl
whea you follow the manufuctore?s ncemmendad sarting progedar, sou $ro0anls Bl 2 BESHS.

2




(2) After the car has started don't wait longer than 350 seconds to drive. Idling
Lees vou Zere miles per gallon. Drive slowly for the rirst few miles until vour
engine and vour transmission get warm, Tt takes about 20 minutes for your ear to
reach fts pesk efficlency. Dburing che first few mites vour car is likelv co pot only
30-40% of its normal fuel economy. This translates to 6-8 MPG for a car that is cap-
able of getting 20 MPG. But even 6-8 MPG is better than the 0 -MPG you get bv idling.

{3) Avoid short trips (less than 10 miles) on 2 cold engine by combining trips when
ppssible. Remember that vour car gets its worst gas mileage during the first few
miles of @ trip.

(4) Accelerate smoothly and brisklyv. Accelerating too rapidly wastes gas by dumping.
too much gasoline into the carburetor. This pas does not burn efficiently. Acceler-
ating too slowly forces the car to drive in a lower, more inefficient gear for a
longer pertod of timé. Try to get the car into high gear (more efficient) as rapidly
‘as possible. On cars with automatic transmissions, ease up on the throttle to get
the cransmission to change into high rear.

{5} tTry to maintain a constuanc speed. Accelerating costs more. fuel than maintaining
speid. Try to maintain vour oar’s momentum by avoiding full stops when legally and
safclv possible (at vicld siuns for example). Starting from 2 mph is more efficient’
thar starting from 0 mph. '

, {6) Drive at moderate speeds. Most cars operate at thelr maximum efficiency between
40 and 45 mph. Driving slower or faster than this wastes pas. When traveling on ex-
presswavs or turnpikes it may be impractical or unsafe to drive this slowly s0 you
should maintain a2 speed of 35 mph. You can lose as much as 20/ in fuel economy by
driving 70 instead -of 55 mph. . :

(7) !f vou are stopped for more than one minute (for example, at a drive-in window)

and your engine is warm, turn off vour engine. It takes less fuel’ to restart your
car -than to leave it idling. ) -

{(8) Avoid tailgating. Trv to maintain an' adequate buffer between vour car an? the one
id front of vou {usually 2-3 seconds is sufficient)}. This will allew vou enough time
and space to react .to changes reasonably (applving breaks gradually rather than’slam-
ming them)}. If someonc is tailgating vou, increase the buffer space in front of veu
even more. This will allow you enough time to react slowly so the driver behind you
can step. Don'i let the t«llgater intimidate wvou into driving inefficiently. Iu;n on
vour flashers and pull off when convenient to let him pass. :

Miscellaneous

(1} Usec a cruise control device for highway driving..We recommend a constant RPM tvpe
rather than a constant MPH tvpe {(See section 2 for more information).
. .

(2) When traveling at highwav speeds (above 50 mph) during the hot summer months, use

vour air conditioner at a moderate setting rather than rolling down windows. The*air
conditioner is likely to use less energy than that needed to overcome the lncreased

drag forces caused bv open windous. Besides, the air conditioner will be more comfortable

(3) Remove any extra weight you carry. Every 100 1bs extra vou carry can cost you
about a half mile per gallon. If your tires are in good condition and vou nermally
drive over good roads, consider taking out vour spare tire {(its not really needed).
The tire. wheel, jack. and lug wrench can add up to 80 1lbs or more.

(4) Remove roof racks and bicvcle racks when not in use. In addition to the extra
_ weight, they increase the air reqlstance of the car and can. qlgnlflcantly dccrease

fucl cconomy.
(3) Buy and use a vacuum u:ugg (approwx. QS 16.00) tu help develop fucl efficient driv—
ing habits. The vacuum wauge monitors intake manifotld vacuum while you drive. The
cauge has a .high reading if you are obtaining good fuel efficiency and similarly a
low reading for poor fuel economy. You should strive ‘to maximize the reading under all
driving conditions. ¥ith a litt¥e practice, the vacuum gauge will help you drive more

: | efflClentlv- . .
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{$) 17 vou have dis: brakes, vou can save zn addiconai 1-2% on your highway ¢ 'i\.'hg. Diise braze,
because of their design, have 2 tendency o Crag whilt you are diving - thay Zoa'l vt
o alately when the brakes are released, To ger them 16 retrsct vou skould fiad a straight stretcs
7 soad {two 3anes pr..!‘crr'cd). Ke=p your fon olf-the brake and rmt...‘l € the 1ot lane and then

ket 1o G2 right (Just as i 70U were passicg x car).  Because of the "plgy” in your wheel b"an.!'zg“
the rotor ».-l} meve just endugh 2 push the disc pads back into thir housing. Femesaher .his
will work enly for highway driving where you don't use your brakas otz As 5603 a3 vou ary y
yaur brakes again ithe pads il st dresgizse,

¥ ‘(:cp 2 jog <‘*’ driving cxpecsss. Inclade mtn* urchases und compwe miics per galion ot 2
‘ wc:.‘ly hasis, _Such a recard, io agdizion €0 pointing ocul unnecessay trips and '"'e:pim you sty
- wirhin }'ou b ndgat, widt h:,p '{'vp y0u InforAsl Of any SUmERs in your car's fust et Moy, JE
yau suddsal f:ccn:. a divp in'mpE, it may be zn indication thal your Gre prassurs i low or ey
you need @ @ Lne up. -

{3 Try ridssharing, or if your company promotes it, vanotlling 0 work, Wien 1w0 people shas
ride 10 work they use-only—half—the-gas they would _Rave_used if they dnove sencrately.

{%) Take dublic mansit when pomible. n additicl 1o the g2s you'll save, you won't hove 10 pay (o2
6 puking space when you 321 0 vsir dustinstion.

SECTION =

This wction d«scnba mc-a.ficat ons made 20 a 1577 Crevinicl impaia TheST OQietle
combined many of the Hems' discussed in Scouon 1 {(most nowbily e use of wow-fistion il antd
ow-rolling teSstaece fires) cioduce & 38.3% highway miltage sTprOvemenL

'I‘zc first moditeatinn involves 2o s of a humidificsdon §/vem. - The addting ¢F -r-mm*’di
walsw 9 the e‘:gzc.c 3 infiowing are strear producs a smaather, mose pawerful, avime compies and \
ih-‘:r:ﬂ)r,e mure ¢heient combustics, }'b's principte o exhancing combistion has bodn known for 4

long dme ~ & was used op our o2 Comsalr ziwplames durmyg Workd ‘eka: \,

o order {of e adciton of water 12 be =Tentive “it st pe amvmined (brdkes uo inie 3 very
flas oy before it enters the cylinders, This mist can ¢ inrcduced sither at fic Ingé wanifid
or 2hove the cerevsaior. For the FLAME aute. 19 galions of water weye s:or»d in 1wy S ga!io-a‘
tacks (p.as..xc army surpius t‘ﬁ:e} mousted uptizhi, 0se on =ach side of dwe truak & Dose
' co“amed hern 0geLRer 0 matkazin an ovan lesel. In onder o pmtect Lhe epaial from mue.alf-

and foreign Matler which cammonly occur in-tap water, sl water stGuld be filisred thicugh 2 goold
quality Bicr. (he Hamstead moded D301 s -iccally suited for this pumo’sc ari it avaizabie from
rmer Scicndiic Company for about $20.00, Coasuil your olephsns direttery of il or wille {0
Fehar Scienwlic Company, . Comporate HRadquartiers, 71! Forbes Avenue, Pittsbusgh, PA 15119,
{4123 562 B0 {or the nearsst distibwior. -

Watsr @3 pumped forward through tha filer ‘r'ing .4-\'01: n»:rca:mm.{ vehidde p‘.l.'lp {:

..:.::ctnl vohilclex, s pumy 5 used 16 pump waler for 2 smal! sink)  The waler mawes trcugt
& fustering vaive §o an inlel cut bt the carbuectar’s air Blorcoren—Al-this piladsa-have- 394&
ihe wazc' m the cahsreiCs but it sBff mast be birken up inio a Ane misn To G0 RIS e walar 2
&upped onto 2 Shinkicg reetd disk. | The 2ist is siuched 0.2 12 volt Hobdy malay which spins
gbout 7D RPM {rovelutions por minuie}, The small motor i moenied in e a2ic Hier sevin
Tore was faves w keop the muotar el dry. A dizgram of this system apnoars Lalow

N . -
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- . Schamatic View of Humidification Systers-. - S
3 t urstor—noter system, whith-add
humidity through the intake manifoid. can be purchased as 2 kit for those who might peefer 1o

install a packoge kit. The kit retails for about $60.00 and is caifed the “Kenlet Fucl Feopomizer
~-Sysiem”, available from Kenlet International. 3309 Nenh Slapoey Blvd., Albany, GA 3170 ¢or
 from many NAPA auto parts distribuiors. Although 'we have provided inforpation about 3 &if, we
_strongly encourage those with adequate mechanical abilily to constauct Inoir own umit A waer
sddition system of this type can.provide betwzen o7 and 13% ‘mproyemens in eiTiciencys

Ancther sianficant fuel savings can be realized through use of 2 cruise conten? grstem wihich
Srives to achieve constant cngire BPM. This is significantly different from the workings of mast
csuice conzrols which atiempt 10 sense dfive shaff roion asd then meiniain that irrcspective of the
mmﬁwmemmﬁwemmewrﬂe—da—ﬁa—emsmm drive-shafi-rolatio

cruise controls can wasie a ot of £15 geing yp over 2 mocest hilt tving to matatin exect mils ner

hour (MPH).  The cungine KPA systzm On .the other hand will atiow 2 slight XPH increase or
- dxcreasg 20ing dowr of up hills, Further. this sysiem docs not require any ahieraticn 1© the 2ngine’s

vaceum System which is wually” required 1o install e drive shafi moniloning sysiem.

An ehgingé RPM cruise controt.system caa be parrhoced af most K-Man stosss and selis for
shout $80.06. The system K-Man sells is cailed the Radotron, & division of Mark IV Industrics,
Nizgrz Falls Bivd.. P. O. Box 177, Moni: Torawaada, New Yok I4120.  You c2n write to W
manufacturer: dircctle for- the address-of e nearest distrioutcr. :

The last modification to be discussed is the fuel vaporizaton system. This-along with tas
humidification svsiem constitule FLAMEs-proconditioning sysiemi.  Before-we proesed with the
dicrussion of this companent we sheuld point out that if you have implémented 2 good nostion of
the things ‘mentioncd in’ Scction 1 and tbz things already mentioned “above; and if- you have

- sweitched 1o’ gasonol for it's anti-knock characteristics, you have probably achieved better than a 0%
fmprovement in your nighway fuel economy and you may wish 1o siop hers with Dur sincere
" congratulations and thanks  Having goucs ‘this far, you are 9 be commencad for yous
cammittmont 1o fucl conservation, a committment which will provige an immediage remm in dotlars
eaved on gasoline ‘expenses. | U L L ; . : e
\.‘.’im-rcspcet-to-E‘;.:‘:MEsrgasnliné—va;_\orizaziaa_gstcm'..censmcﬁcn of ihis ueit shouid only Be
mitempted by those whose meciianical abiliies queliiy hem 10 make such axtessive medificativns.
Aiso vou- should remomber that-gasoline is an explosive substance ‘and e lestaliziion. Of A
seondary carburction sysem in' the caging companment may incscase the chsness of an epging
fize, especially during a {roat-ena coltision. : :

-+

“The system works as foliows: gascline from the fucl tank i aiverted © 2 vapofizaton chamise
which has three ouslers. One carrying vaporovs §asuling 1o the inke manitoid via the PCY {posiize -
crankease ventlation) 1ng. one using an auxilliary elocinc fusl pump 10 C2iy Howid. gasoline fon:
trc chamber 10 the regular carbureior. axd the thirg is an avesflow !i{:c which’ carries CRCO38

9. 61( - gEST COPY AILIE
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I . R
— charive gumoed ¢ thy Runker besk 45 e fucl -\“p’:] 7 $his maintins 8 constani foel 2ovel in the
e .r ~ert 2 [itiered sir su-;is i3 intregiced 1o e & u.u*b;.r. in ordes 10 coptrel the indow of aic
::‘_u e ouilow of vazoous fuel znd air. a snall wibine fan and a servo ..enmli-'d natuse] g9
rdve tave been used. Fhe turhine fan is similar {0 1hat fouad in shop varcum {Shop-Vac) cleaners
and w2y be purchascd as a seplacement part from Seats, Roebick 2nd Co. A eche:rmic gizgram of
e FLAME fuel voporization sysim Is Ueiow. L
A

. E‘ o -
' ! Ths system not {or e in feed wju:*ﬁ o¢ dieal sngings : . Torbins : .
I Mesdoms: difTicuiti=zs may arse 1 lﬂimcﬂaymcas ! 12 Vol Siren mator
1 : Al Fitier
“'_ - ' ‘|I — .
. gdtoral '
3 Pael\EE.am&m:tur ﬁ:e!mnp Gasﬁw ..
TasfAlrvlizture
L?uas vz
e
% K o - Liguid Recireulater
Totake manifoid / N\ |
. . N Talve
——Enssng POV Vaive . New¥CV _
' leotmﬂun Chimbar® . . :
2o0rization chamber cpmtinctad ol of 67 sael = Fud Task
LY ’ .
sc'xc}e Pine, :....ppeél al lggh cn?i‘yk 18 iled with bfcmc wool 10 : Existing Pl purap
privent foaxing of the gasciine 25 air is bubbieg throush it : -

Scliesmatic View of Fuel V aporizativa System ' S -

‘I‘bc. advantage of the ovcrali sysiem is that we get vaporous gasolmc dircetly ino the imake L
@2nifold, aliowing us 10 “fean” the earburetor sigaificantly, Further, the svaporation of mime n.
< the ghamber coais it- This in turn rcs sits in smootiver combustion (an 0ld race car driver’s trick is
to co0] the gasoline lines with dry iced. Extreme care must be taken io adjest the fow of vaporous
ruel mixture so that it corzesponds 1o tiic power output which the gas peddle indicates, ‘This can be
"accomplished by adding a device which mcasures tae position of the g peddie (somothing like 2
pou:nuomctcr), however cm pwmst be taken Do to restsict the movement of the peddle,

Some finzt wosds: The gazoiine vaporization system can add. between € and 16% to your fudd
savings but on the other nand it is difiscult 20 instell and cven more difficult to accurztely adjust, -
As 0F this writing no kit forn of iis vait is avatlable. More information about such a sys‘cm tan .
de faund in Mechanics Miustrated, July 1874°issue endtied “No Waste Carburetor™.  Although the
..:;5 2 makes sadier exiravagan: claims about the virtucs of vapOnzanon. gison thc whole a good
eircize, _

> | ‘.-fc sincercly hone that you heve found this pamphlct both mfomaavc and useful, If yon have
&S w sizricd to mr eraent the ideas discussed hers, you qualify s a2 WISE poerson {Working

-

a3 -'ousif o Save hrznrgy)

Thz: f:xmuon provided in Mwbﬁcimembrmcm mm?m imhm.
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ACTIVITY
Do each one of the activities listed below:

Review one or more of the instructional Tesources listed on the preceding
pages. :

Read the directions and complete the following activities.
Each student will:

1. Participate in the discussion of operational theory through 1ectures .
Tand” EEmonstrations of cut-a-way model(s). . -
*2. Collect data for a particular energy comservation area (chosen from a
list provided by the instructor). This information will then be
compiled into a questionnaire for the public in order to increase
awareness of energy facts, fallacies and possibilities. -

Modify andfor oberate one engine with an improved fuel system. This
will be compared to a conventional engine. The instructor will provide
a worksheet for the purpose of determinring efficiency. o

*Activities 2 and 3 should be carefully coordinated by the instructor. ' This is
to assure that the students will have different activities in order to cover
and then be able to share all areas.

FEEDBACK

-

Each student will c¢omplete the following objectives:

Objective A Check:

<

1. Write a paper for review by teacher on water injection.
2. Hand to the instructor the assigned questionnaire.

3. Turn in the worksheet used to determine the efficiency of the lab experiment. -

5] : - ™

If all of the feedback objectives have been satisfactorily fulfilled (for this
determinatior, contact the instructor), turn to the next instructional package.

* If you have failed to successfully complete each fbedback objective, notify the
instructor for further guidance.




ENERGY CONSERVATION THROUGH AUTOMOBILE ENERGY MODIFICATION.

iP-z. . [Energy Exhibition (Optional)

OBJECTIVES

!

Upon éumpletion of fhis instructional package,.you will be able to:

Host an energy. exhibition for the purpose of increasing public awareness
which will result in greater fuel economy. :

-

u

RESOURCES:” -
™.

ﬂHagazines.

»

'The Iowa Energy 3001, The Mbther Earth News, November—ifcqnber 1980 p. 124,

"_40 ﬁ?ﬁ"ﬁg;hﬁins Hileage Contest“by David Scott, Popular Science, January 1980
’ ppo 80-81. -

" “DRIVEC Instructor Traiﬁin , Institute.for Transportation Research and Education
P,0. Box 12551, Research Triangle Park, NC 27709,

"

INTRODUCTION:

i If used, this could be a great tool in changing attitudes qfward energy.
quever, this would definitely reguire organizational ability, hard work amnd
cooperation., Therefore, it would not be wise to attempt this ugless you have
assistance from your students and, hopefully, the communmity. =

: -

\




ACTIVITY ..

Do each oné of the followiﬁg actIvities 11sted belowr

Review one or more of the instructional resources :1isted on the preceding

pages. .

Assemble a group of conventional and modified vehicles and/or engines in

order to determine comparative fuel economy. Several schemes could be

used, including. s
1) A marked course for the vehicles to travel usinga measureg amount

of fuel. - . )

2) Comparative engines on test stands.

3) Cut-a~way models of varilous engines.

4) Charts, etcH

i . : :
In addition, location and Eiming are important. Some possibilities are:

-

}) State Fair. \ ) e

2) Shopping Centers‘

1 A
3) Trade Shows, eto. .

-

FEEDBACK

Each séhdent will complete the following objectives:

. ObJective A Check‘

i. Assist the instructor in the planning of the exhibition.

2. Assist the instructor in the supervision of the actualjexhibition.
° s .

If all of the feedback objectives have been satisfactorilv-;ﬁlfilled (for this-

determination, contact the instructor), turn to the next instructional package.

If you have failed to Successfully complete each feedback objective, notify the

instructor for further guidance.




PART I.

DIRECTIONS:

‘water injection flywheei

POST~CHECK

Draw a line around each: energy related word found in tbe Energy
Maze. The appropriate words are shewn below: '

fuel vaporization electronic ignition

|
!
turbocharging hybrid . | V8=-6~4 supercharging

E]




POST=CHECK =€y _

Part 1 ' - -

Directions: Draw a line around each energy related word
found in the Energy Maze. The appropriate words are shown
be lOW - ¥ - - o

water injection . - - fuel vaporization
turbocharging ™ ' v8-6—4- .
flywheel . electronic 1gn1t10n
hybrid . : 'superchar01ng




"PART II.

DIRECTIONS:

Fill in- the sppropriate word in each blank. Use the clues shown
below. - . . N

Propulsion Designs

Down

Across

Examples of chis include: the Wenkel engine, gas turbine, Stirling
cycle, ete. *

P -

- =

-

A combination of two or more energy sources to propel the vehidﬁe
(example: an electric/steam car).

Engine Modifications.-

3.

Dowu

-

A device used to "Increase the intensity of the spark by using a
higher voltage, '

Dowr:

A device (non-electrical) used to‘stozefenergy._

Across

Cadillac's version of fuel econamv accomplished by. uecreasing the

-‘number of cylinders to power the vehicle.

Fuel Systems Modifications

6.

Across ’ Lo -

The use of atomized water mixed with the fuel ‘to increase fuel

economy. .
-

Dowvm ’ 1

Vaporlzaticn of fuel before it reaches the carburetor in order to
increase fuel efficilency. - . :

T.

Across

Fcrcihg additZonal fuel/air mixture into the‘cylinders.




F'Ja.s_"'s" Check Partm

ST sl

FITTTITIT11]

=3

dr[ 1111




Post Chee X KKey ParT I

@
E .

. @ .
’ ALTERNATIVE ENGINE Dg&)iél\ls
D ,
T
R

e e pearor
SUFPERCHARGING

i K

)

. C 0

\ R
‘ L
A

T

A

G
N

S
@WATER INJEC
P- ' ‘

TION -




MODULE TWENTY-THREE

HOME ENERGY MANAGEMENT SYSTEM
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HOME ENERGY MANAGEMENT SYSTEMS

-

"

@ One of the most critical issues facing the United States today is energy
independence.. Since the o0il embargo of 1973 every American, regardless of age
or status, continues to be acutely affected by spiraling energy costs. In view
of this country's dependence on imported crude oil, for example, the public is
obliged to pay the exorbitant prices imposed by foreign sources. The challenge
facing this country, consequently, is twofold: (1) reduce presemnt levels of .
energy consumption and (2) develop alternate domestic energy sources. :

Of the many suggestions on how to reduce energy usage, one of the most
imnediately effective i$ to conserve energy through home management systems.
For any conservation measure to be cost—effective, the capital cutlay must be
retrievable within a reasonable time. By employing analytical management
procedures one 1s able to assess the desirability and effectiveness of any
energy conserving measure. This instructional module will provide you with
the information, material and practice to apply these procedures to conserve

energy.

Y

TERMINAL. PERFORMANCE OBJECTIVE ) . fﬁ%\%

At the completion of this instructional module you will &e able to reduce
home energy consumption, through the use of management techniques, to a speci-
fied percentage, as determined by the cage under study.

: Achievement of the terminzl performance objective will be accompli;hcd by
successfully completing three instructional packages. Perhaps you already know
- something about Implementing a home energy management systéem. If this 1s true ..
vou may wish to take the pre—check to determine the extent of your knowledge
The results of the pre—check may be used to diagnose and prescribe the instruc-
tional packages you need to complete. If you feel that you do not have any .
knowledge about implementing s home energy management system, You may eliminate
the pre-—check and begin the first instructional package. The results of your
own individual diagnosis and prescription may be recorded on the Learning Guide
below: . .

1

INSTRUCTIONAL PACKAGES

Ip-1. Analyzing Energy Consumption

IP-2. Recommending Retrofit Applications

Ip-3. Operating a Management Plan "




M

DIRECTIONS:

IP-1.

3

———

1.

PRE-CHECK -

HOME ENFRGY MANAGEMENT SYSTEMS

Answer the following questions by placing the letter of your
response.in the blank Space to the left of each item. Check the
answers with the pre-check key, found on the page immediately
following the pre-check. If you miss more than one question per
section you will need to devote time in learning about this area.’
You may record the learning packages to study by checking the
corresponding tit e on the Learning Guide.

© Analyzing Energy Consumption o

Gathering information relative to the emergy consumption of a
dwelling is referred to as: .

A, consumption survey " B. energy audit C. thermal checklist
D. usage chart . ’

An indication of insulation value:
A, 1 B, 12 €. Cottom D. R

BTU's per hour + 12,000 = . .

A.. alr-conditioning capacity B. thermal dissipation C.  ‘cool-~
ing velocity. 'D. energy rate -
An example of common insulation material: .

A. Eollow Core wood B. Cellulose , C, Masonry veneer
D. Asbestos N - . -
The better insulation material: : .
A. BRockwool B. 'Glass Fiber C. Ureaformaldehyde ~ D. Cotton -

® Fiber .

Recommeuding_getrofit Applicﬁtions

1.

Energy conservation improvemen:s to exiscing dwellings must firs:
be proven to be: *

A. inexpensive B. simple ' C, cos:-effec:ive b, quick
Structure with the highest heat transmission mulciplier:

‘A, Masonry Wall B. Solid Wood® Door . €, Storm Window

D, Standard=-Single window .

Term which'indica:es the degree of heat transmission through the
total surface of any structure: '

A. Thermal Factor B. Heat Transmission Multiplier <. "Coeff
ient of Transfer D. Diffusion Rate




PRE~CHECK

(Continued)

The most effective heat transmiSSion multiplier for pPurposes of
energy conservation:
A. .67 B. .075. C. ,1.13 D. = .389

Heat transmission is from: ’ , : .
A. cold to colder B. cold to hot C. hot to hotter D. hot
to cold - ’

LY

IP-3;_ Operating & Management Plan

1.

An energy managemeﬁt plan means: _
A. energy audits B. retrofit applications C. budgeting and
accounting energy‘usage D. all of the above -

-

4

To change KWH' to watts/hour: : L
A. ‘multiply by 1000 B, multiply by .001 C, divide by 1000
D. divide by K '

The abbreviation MCF is the same as: %
A, . 100 cubic feet B. kilowatt hours C. 1,000 cubic feet
D. .cubic feet per minute o ’

Natural gas energy is measured Iin:

A. KWE B, gallons C. themms. D. cublc feet .

-

.‘ v

' The most common unit for the measurement of all forms of energy.

A. ¥KWH B; BTU C. MCF D. €CF

*




PRE-CHECK KEY

’

HOME ENERGY MANAGEMENT SYSTEMS -

-
3

JAnalyzing Energy Consump tion_

an l.l
2.
3’
s
5. )

-

Ip-2, .Recomending Retrofit Applications

' . 1 ‘ . i A
2. ' S
3.
a’o
. 5.

‘Operating A Management Flan.

1.-
2.
3.
b
5’




HOME ENERGY MANAGEMENT SYSTEMS

IP-1. Analyzing Eneréy Consumption

' OBJECIIVI:S

Perform an energy audit by following proper apalysis procedures and
completing data collection instruments to include pertinent information relative’ -
to the structutal, operational and climatic control (heating and cooling) -
aspects of the structure under analysis.

RESOURCES

o+

Following is a 1ist of information resources appropriate to the content
of IP-1. Analyzing Energy Consumption.

Books:

The Residential Enmergy Audit Mamual by The Fairmont Press Inc., P.O. Box 1422?,
At]—anta, GAO ) : R ) %

Home Energy -Conservation Primer by Department of Technology Education, Hest
Virgiria University, Morgantown, WV.

2

The Complete Energy—Saving Home Improvement Gulde bv Arco Publishing, Inc., New
York NY. i ’

-~

1

_ Booklet: -

]

The Home Energy Audit by Con Edison Conservation Center, Chrysler Building, New
York, NY. . .
3

Instruoction sheets fP—u!-Si




ACTIVITY
Do each one of the activities listed Sélow.

Review two or more of the previously listed instructional resoufces.
Solve each of the follcwing problems by writing ¥Your- answer in the blank
space to the left.
To calculate the area of a rectangle mltiply length tiﬁggpbidth.
For example, determine fhe area of a room 15 ft. by 20 ft.

Calculate the ‘area of a wall 20 ft.-6 in. long by 8 ft. high.

The "R" value of insulation is an indication of its resistance to
heat flow. For exsmple, the "R" values of some common types of
insulation are listed below:

- i _ 'TU'Vhlue‘
Type of Insulation - Per Inch

Rockwool: ) _
Loose Fill . . 2.8
Blankets s 3.7

Glass Piber:
Loose Fi 11 - - - - - - - - - - - - -
Blankets w » e s e e e e e e

What is the "R” value of ‘Rockwool Blankets? .

To determine the total "R" value of an existing level of insulation
the "R™ value per inch of insulation is multiplied by the insulation
thickness. For exampleé, 5" thick Glass Fiber Loose Fill would have
an "R" value of . ,

Turn to the feedback section to(?T:ck your responses.

Now you are ready to do an energy audit. A home energy audit is designe&
to help yoéu make.qualified decisions about energy conservation measures.
Do an energy audit of your home by completing the following worksheet:

]




1.

2.

’ 3'

4.

LY

HOMEOWNER'S WORKSHEET

_ Survey of Existing Conditions

Location:

Indicate the city and state in which you 1live.  Approximate the heating and
cooling load hours for your home situation. :

Al

Heating Load Hours

Cooling Load Hours

What 1s the primary source of heat in vour home*

011 " Heat’ Pump
Natural Gas - LP Gas
b Electric

How do you cool your home?

~ Window Fans or Whole-house Attic Fan
- Central Air Conditiomer .

- Window Unit Air Conditioner

.None

What is the unit cost of the type(s) of fuel you use? (See inserted iist‘
of prices)

. 0i1 $ /Gal

Natural Gas $ . /CCF (CCF = 100 cubic feet)

LP Gas R  /Gel. (LP gas includes butane or propane)

Electricity. § /EWR

What kind of exterior doors does your Home now have?

Solid Wood or Hollow Core Wood

Wood Door with Storm Door

Determine the total area of your exterior doors. Hultiply the number
" of exterior doors by 20 (sq. ft. door) to get the total area.

(No, of Doors) x 20 = ' Sq. ft. of
Exterior Doors

[
4

What kind of windows does your home now have?

Standard — Single“Pane '
- Insulated -— Double Pane
Standard with Storm Window .




-

Determine the total area of your windows, ﬁultiply the hedght (in feet)
by the width for each of your windows and add together to find the total
area, .

Number Hedght X Wwidth Square feet

X -

X

x)

Total Window Area =

7. What is the size of your home?

-

a. Determipe che total floor area of your home by multiplying its 1ength
by its width.

Length X Width _ Area in Sq. Ft.

x‘

X

X

» Total Floor Area

EXAMPLE: How to Figure t:he"m:ea‘of Your House

30 X 20 = 60
N

2. 18 X 12 =. 216

1.

3 26 X 16 = _416-

L

1232 8q. ft.

. Determine the ¢ ing area of your home, The ceiling area will-be the
same as the floor area for a one story home. In a two story house the
ceiling area will equalsthe second story floor area plus the area of
any one Story sections or additionms.

» -

TotalCetling Ares=——~————- -

~




| P-1, 1-3

.

0 ,-—F‘J d
Determine the area of your exterior walls by multiplying the length '

. of the wall by its cedlling height. Having determined the suﬁ-:otal;
subtract the total area of your doors and windows. to find your :otal

|
x

wall area. /
1

Length X Helght - Area

=

Sub-total
Total Area of Doors+Windows _'

Total Wall. Area

How is your home cons:quEed:
a. Floors:

Concrete Slab on Grade o
Wood Floors Over Vented Crawl Space or Unheated Basemen:

b. 'Céili:zgs“
s A::ic Space Above Ceiling ‘ ' ,:]
No Attic Space (Fla: Roof or. Ca:hedral Celling)

¢. Exterior Walls: - ‘:D_

Solid Mhsonry

Wood Frame with Wood Siding

Wood Frhme with Hasonry Veneer

"-—g_\ i .
De:ermine the exis:ing 1evel of insulation in-your hcme. To determine the.
\"R" value of your eXisting insulation you will have to determine what:kind
i ~-of insulation it is jand its thickness., For attic and floors over crawl
spaces, the measurement of :Lnsulal:ion thickness is relatively s:t.mple
hawever, for exterior wallé you may have to estimate. Ed’da;ermine if you’
have insulation in your exterior walls, turn off the power:at the circuit
breaker to an electrical outlet switch on an exterior wall. Remove the
switch plate or outlet cover and look “into the ‘crack between the outlet box
and the interior wall surface. You should be able to see if the wall is
insulated. . If you are unable to determine what kind of insulation you have
in your attic, floors, or walls by looking at it, take a small sample of it
to an insulacion supplier and ask- fOr help in iden:ifying i:. .
At -




ngpe of Insulation

Rbckwoolz s

Loogse Fill .
Blankets .

. Glags Fiber:!
Looge Fill
Blankets .

.Cellulose:
Loose Fill .

< Ureaformaldehyde
. P Cotton Fiber: . .
.r . Looge Fi11 . . . . . . .-.

]
H]

. . ' Having determined the :yﬁe and thickness of your existing insulation, you can ~ ~

calculate its "R" value. From the table, determine the "R" value per inch for
the type of insulation.that you have in your home. Multiply that number by the

:hickness to get the "R" value for your existing level of insulation and record
those values in the spaces provided below. . #

: “RY VALUE
: o TYPE OF . "R"VALUE ~ . OF EXISTING
LOCATION - INSULATION PER INCH. . THICKNESS INSULATION

Attic: o : X7

k]

‘Walls: : : X _3.5"

Floors: ' X

[

Examplet “ Rockwool Blankets e 3.7 X < 51 ) 18.5
/'/ B ‘ - )

Détermine the output of your air—condicioniné sys:em'by locating the BIU's
per hour listed on the nameplate., Divide this number by 12,000 to get the

- oumber of touns.. (Most residentialair—conditioningsystems are between 2
and 4 tons) p s

Ténnagg of Air-Conditioper -

Adap:ed from Home Energy Conservation.,JRecommendations for Existiug Homes,
North Carolina Deparcment of Ccmmerce, Raleigh, NC.

" Check your energy audit. Bave 311 items been complete&?
Have one of your colleagues check your audit for errors or omissions.

When you feel tha: your eflergy audit is completed submic it for your :'
instructor's approval.

-
"




FEEDBACK

Check your responses for IP-l,-Ac:ivi:y B below: -

. L

Objec:ive“A Checks

1. 300 sq. fr. (15 £r. x 20 ft.)
2. 164 sq. fr. (20 fr. x 8 fr.)
3. 3.7 -

[

4o 11 (5 .. 2.2)

-

-

If you did not answer correctly one or more of :he i:ems, check with the
ins:ructor. If you answered all four correctly go to Activity D.

Instructor's Approval

After recelving the instructor’ s approval advance :o,IP-Z Recommending'Retro-
fit Applica:ions. :




HOME ENERGY MANAGEMENT SYSTEMS

IP-2. Recommending Retrofit Applications

OBJECTIVES

Upon completion of tkis instructional package, you will be able ro%

Recommend cost—effective retrofit.applications by proposing at least one
process necessary to accomplish any recormended lmprovement, plus calculat-—
ing the savings and the amount of time required to realize a return ocn the
initial investment. .

Using the information that you gathered for the Homeowner's Worksheet, the -
second Step is to determine what the thermal effects are for the energy
conserving measures that you wish to consider.

L

RESOQURCES . ' -

Following is a list of information resources appropriate to the content of
IP-2. Recommending Retrofit Applications.

-
-

Al Ubell's EnerngSaving Guide for Homeowners by Warner Books, Inc., NY.

Booklets:

-

.In the Bank - - . Or Up the Chimney by The North Caroliq__égricultural Exten—
slon Service, Raleigh, NC. .

Provzding_foz Enexrgy Efficiency in Homes and Small Buildings by U.S. Department
ofe Energy, Oak Ridge, TH.

How to Save Momey by Insulating_?bur Home bV U.S. Deparument of Energy, Oak
Ridge, H. . . ..

LFilm: .

Conservation —— Investing in Tomorrow, Department of Energy Film Library, Oak
Ridge, TN. .

dhstroctsonal Sheels uo-.a,zwe

.

-




ACTIVITY

A, _Review two or more of the previously listed instructioﬁhl resources. ’ -t

B. Solve each of the following problems by writing your ansver in the blank

space to the left.

P-2,1-1

1. All surfaces in a2 structure transmit heat toward a cooler area.
Structural materials differ in: thelr capacity to trausmit heat.
Listed below are various structural surfaces and their corresponding
) heat transmission ﬁactor. (the higher rhe number, the more heat
transmitted).
Heat -
- . + Transmission ,
Structural Surface . Multiplier
Windows:
Standard-Single Glazing , 1.13
Storm Window ' .67
Doors: . R
Solid Wood _ . . +53
Wood with Storm Door : 34
walls . :
No insulation-Solid Masonry ' .389
With R11 Insulation 075
. What is the Heat Transmission Multiplier of Storm Windows?
2. Thermal Factor is an energy conservation term which indicates the
- degree of heat tramsmission through the total surfare area af any
structural surface. To calculate the Thermal Factor of a structural
surface multiply its surface. area times its corresponding Heat
. Transmission Mulriplier. What is the Thermal Factor of a solid wood,
3 fr. by 7 fr. ~& in. door?
) 3. Of rhe fellowing windows, which allows the most heat transmission?
; .. b !
Heat
. . Transmission
. Windows - . ’ - Multiplier
Standard-Single Glazing . 1.3
Insulating-Double Glazing : .78
Storm Window : .67
4.. Of ihelfollowing floors which allows.the least heat transmission?




) Heat .
Floors: Over Crawl Space: Transmission
or Unheated Basement Mulciplier

No Insulatfon : 374
with R7 Insulation ' -103
- with R 11 Insulation . _// .073
with R 13 Insulation .064
with R 19 Insulacion L .046

To determine a specified percentage walue of any number: (a) convert
the percentage value to a decimal (mulciply the raw number of the-
percentage value by .0l); and (2) mulciply that decimal value times
the number. TFor example, to de:ermine 10Z of 200:

a. 10x .01 = .1
.b. A1 X200 = 20
Therefore, 10%Z of 200 = 20
What is 15% of 100?
Turn to the feedback section to check your responses.
Now you are ready to complete the second, third and fourth steps in

developing a residential energy management system. Using thz information
that you gathered from your home energy audic, camplel:ee:he following

- three workshee:s.

The end result of the Thermal Savings Worksheet is the Thermal Savings
Factor which is a measure of the reduction in consumption (in thermal
terms) atcributable to the energy conserving measures you wish to comsider.

THFRMAL SAVINGS WORKSHEET

Existing Conditions Area Multiplier Thermal
. ‘ In S.F. From Table #1 Factor

Existing Window Type_

Existing Door Type

Existing Insulation
Value in Ceiling

Existing Insulation
Value in Floor
(omit if Slab omn

Grade)

Existing Exterior
Wall Type (omit
if wall already
has Insulation)

-




TOTAL EXISTING THERMAL FACTOR

Proposed Improvements

Proposed Window
Type

Proposed Door Type

Proposed Insulation
Value in Ceiling

Proposed Insulation
Value in Floor

Propbsed Insulation L ‘ '
Value in Exterior s X
Wall

TOTAL PROPOSED THERMAL FACTOR

THERMAL -SAVINGS FACTOR: ' o ¢
‘SUBSTRACT LINE #12 FROM LINE #6
(will be used on Line #1 of Dollar Savings Worksheet)
L
THERHAL SA?INGS RATIO ’ ¥
DIVIDE LINE #12 BY LINE #6 | :
(Wwill be used on Line #7 of Dollar Savings Worksheet)




TABLE 1

HEAT TRANSMISSION MULTIPLIER FOR DIFFERENT HOME AREAS.

k]

Heat

Transmission
Multiplier

WINDOWS: . :

Standard-Single Glazing . 1.13
Insulating-Double Glazing . ' .78
Storm Window J .67

DOORS: . . '
Solid Wood or Hollow Core : _ «55
Wood with Storm Door - : .34

FLOORS: OVER CRAWL SPACE OR UNHEATED BASEMENT

No Insulation T ) ~ : .374

With R7 Insulation ' - .103"

With R1! Insulation ., ’ .073
" With R13 Insulation . s .064

With R19 Insulation L “'b ’ 046

CEILINGS: XO ATTIC _
‘Ne Insulation , , 470
" With R4 Insulation ’ : 160
With RS Insulation : . .130
With R7 Insulation ‘ .109
With R1l: Insulation ’ Lo .076
With R19 Insulation . _ . ©.047
With R26 Insulation - : .035
With R30 Insulation o ' : .031

- CEILINGS: WITH ATTIC _
No Insulation .598
With R4 Insulation , .176
With R7 Insulation . L1114
With R1l Insulation 079
With R19 Insulation : ) . < L0488
With R22 Insulation " .042
With R26 Insulation . . . +036
With R30 Insulation - .. 032 .

WALLS: - . .

No Insulation — Solid Masonry - , . .389
Ne Insulation — Wood Siding . .320
No .Insulation — Brick Veneer . «240
With Ri1l Insulation - . . . 075
With R13 Insulation . , .065
With R16 Insulation i .054




The third step 1s to convert the reduction in consumption into.a dollar savings
figure. The end result will be the estimated savings on your utility bills

that the energy conserving measure will produce in one year.

The accuracy of the dollar savings figure 1s dependent on individual energy use
patterns and, for this reason, cannot be guaranteed. However, under normal
conditions these caleculations ‘should" provide you with a reasonably accurate

weans of assessing energy savings. Complete the following Dollar Savings Work- o
sheet. .

. DOLLAR SAVINGS WORKSHEET

1. THERMAL SAVINGS FACTOR :
From Thermal Savings- Worksheet (#13)

2. HEATING DEGREE HOURS
From Homeowner's Worksheet {f1)

_.—3. UNIT PRICE OF FUEL VSED FOR HEATING
From Homeowner Worksheet (#4)

| MULTIPLY LINE #1 X LINE #2 X LINE #3

ADJUSTED HEATING EFFICIENCY FACTOR i
Select the adjusted efficlency factor
for the type of furnace that you have.
#2 Fuel 011 69,000
Natural Gas 60,000
Electric Furnace. 3,070
LP Gas . 55,200
Heat Pump 16,826

DdLLAR SAVINGS FOR HEATING
Divide Line #4 by Line #5

THERMAL SAVINGS RATIO
From Thermal Savings Worksheet (#14)

FILL LOAD COOLING HOURS.
From Homeowner's Worksheet (#1)

TONNAGE OF AIR CONDITIONING UNIT
From Bomeowner's Worksheet (i#10)

MULTIPLY LINES #7 X #8 X #9

MULTIPLY LINE #10 X 1.78 for WINDOW UNIT
a : or 1.63 for CIEWIRAL UNIT

UNIT -PRICE OF_ELECTRICITY IN $/KWH
From Homeowner's Worksheet (#4)




DOLLAR SAVINGS FOR COOLING
HUL?IPLY LINE # 11 x LINE # 12

TOTAL DOLLAR SAVINGS .
ADD 1INES # 6 + #13

The fourth step is to determine.the payback peried. The pafback period
is the number of vears that it will take an energy.conserving measure to
"pay itself.'" After an engrgy conserving measure has been in effect for
its payback peried, it will generate "profits" in -the form of savings on
Yyour utility bills. Complete the followingggszPack Period Worksheet.

.

"PAYBACK PERIO) WORKSHEET -

COST OF ENERGY CONSERSERVING MEASURE
Contractor's Bid or Estimate of Do-It-
Yourself Costs

FEDERAL TAX CREDIT
(I5% up to $3007

SUBTRACT LINE 2 FROM LINE 1

TOTAL DOLLAR SAVINCS
From Dollar Savings Worksheet (#{é)

PAYBACK FACTOR .
Divide Line #3 by Line #4

" ADJUSTED PAYBACK PERIOD’
From Table Ne..2 . ~

o

Check your worksheets. Have all items beerr completed? | s

Have one of your colleagues check your worksheets for errors or omissions.

When ‘you feel-that—your—worksheets—are—completed; -submit them for your
instructor's approval. : :




, TABLENO. 8 Z
PAYBACK CHART AT 10% FUEL COST \NCREASE

4

Using the Payback Chart : : : e
Costs for allitypes of fuels are expected to increase over the coming years. In figuring your
~ adjusted payback period, we will use a- standard increase in utility costs of 10% per year. The
Payback Period Chart takes this into consideration as well as the effects of borrowing money 10
implement the energy conserving measure. It you are borrowing money to install an energy
conserving measure, setect the column that comes closest to the imlerest rate at which you will
be borrowing the money. By reading down the apptopriate column until you come to the
number closest to the “Payback Factor” and then across to the Payback period scale, you will
be able 1o determine how long it will take for an energy conservation measure 10 pay.for itself.

NOTE: If you are not going 10 borrow money to pay for the energy conserving measure but

' aregoing o withdraw -money_from_a_savings account, Use the column-that comes
closest to the interest rate that your money would have earned had it remained in
your savings. '

- . -

Interest Rates
6.0 7.0 8.0 8.5 9.0 9.5 100 18.0

1.92506 189842 " 187233 185967 - h84707 1.83462 1.8228% 1.6492
2494922 28955 2.8434 281794 . 279286 2.76816 274383 239895
402039 393001 38N 3.80051 3.75888 3.718 1677847 3214
5.14308 5.0064. 487510 418116 474934 4.68836 . 4.62863 381834 ©
6.3233 G1man ST 5 #5562 5.7686 5.68836 5.60058 4.49769
7.56586 .7.30416 705625 6.93717 6.82121 6.70826 6.59822 5.1658
8.87681 8.53589 8.21474 8.06113 791195  7.76702 7.6262 5.82882
10.2626 9.83038 9,4255 923263 9.04581 ggeds)  B6B939 ° 649253
11.7301 11.1938 10.6941 10.4571 10.2281 10.0068 9.79286 7.16242
13.2866 12,6327 12.0267 117403 - 11.3644 131984 & 109419 7.84375
14.9402 14.1541 13.4295 13.0884 12.7606 124454 - 120422 8.54164
166994 - 157656 14.9094 14.5079 14923 ¢ 137538 13.3995 9.26112
18,5734 17.4753 16.4737 - 16.0059 15.5584 15.1302 147202 © 10.0072.
.20.5722 19.2921 18.1304 175897 17.0739 16.5814 16.1109 10.7848
22.7065 21.2253 19.8878 19.2676 186771 181148 17.5788 11.5991
© 24.9881 23.2851 217549 210479 203764 197382 19.1313 12,4552
T ams 54826 2ray T 2201 229805 2146020 207765 13.3564
lo0s4>  wsNs 2585 249541 240989 232807 2512 MM
32847 30.3386 28.1167 27.1006 26,1419 25.2365  24.3807 15.3289 .

pm——— L

2
-3

4

5

[

7

8

9
10
11

Payback Period in Years
[] _l-la—l-.-.-.-—‘-—‘
Boao Nm o e we

o

:he three previous work§hee|:s and two tlablesl were adopted from Hc;me Energy Con-~
Cervat:.on. Ret.:omendatz.ons for Existing Homes, North Carolina Department of
ommerce,; Raleigh, North Carolina. | '




FEEDBACK
~ Objective A Check:
o

1.0 .67 .
2. 12.38 ( 3x7.5 = 20 x .55 = 12.38)

3. Standard - Single'Glazing

4. R19 Insulation T

5. 15 (15 x .01 = .15 x 100 = 15)

If you did not answer correctly one or more of the items, check with
structor. If you answered all five correctly, go to Activity D.

’

Instructor's Approval

~

% . After receiving the instructor's approval, advance to IP-3. Developing A

Management Plan. . . i . o




HOME ENERGY MANAGEMENT SYSTEMS

IP-3. Developing a Management Plan

OBJECTIVE

-

Upon completion of this instructional-package, you will be able to:

A, lnltlate and operate a plan to manage the consumption of energy by budget-
ing and accounting for energy usage.

Being aware of the possibilities for saving goney and energy is only the
beginning step toward an energy management system. The previous worksheets
have presented some ideas for saving energy in your home. Now it is up to you
to get the wheels in mdtion and implement the applicable conservation measures.
An'prganlzed system of priorities should be established to decided where to
focus your efforts. The worksheets enclosed in thls section are de31gned to-
help you organize your list of pr10r1t1e3f

RESOURCES

Followlng is a 11st of information resources approprlate to the content
of IP-3. Developing a Management Plan.

Book:

- Howeowner's Guide to Saving Energy. Tab Books Inc., Blue Ridge Summit, PA,
pp. 361-377.

Booklets:

Energz_Efficiency for Educators and Students. Tenneco, Inc., Houston, Tx.

Load Management:. Reshaplng Amerlca s Electric Demand. Duke Power Co., Char-
lotte, North Carolina. -

?ilm:‘

An Introduction to Energy Management, DOE Film Library, Techn1cal Informatlon
Center, Oak Ridge, TN. .




Y

ACTIVITY .
A. Review at least two or mo¥e of the previously 11s:ed 1nstruc:1onal Te~
sources. =

" .Solve each of the ‘following problems by writing your answers in the blank.
spaces. This problem is an example of how to determine the energy savings
of a typical energy conservation measure: ;

In this 31tuat1on, 150 wa:: buibs are being replaced by 75 watt blubs and

operated 6 hours per night.

Data needed for caléulations:

1. 20 lighfs at 150 watts

2. The rotal energy used is:

K

5_“:~"—“v—~~20~—~}igbts—x—%%0~w&e&5¢ligh&~=-__3060;_ﬁuaxnsldav‘

4

3.  Average number of hours per day the lights are currently on:

6 houré/day . -

[

Number_&f days per year the lights are on:
365 déys/&ear

Number of watts per new bulb:
75  watts \

. i :
Average number of hours per day the new lights will be on:

6 hours : o

Electricity cost per KWH average (from your local electric
~urility company) *

' . e
$0.06/KWH \_,r""“'\\

.




1.

2.

Calculations: .

e o ~

Energy used with old system:
no. bu}bs x’
‘watts/bulb

X no. operating hours/day .

. X " no. days/year + 1000 o .

- KWH/year
Energy used with new system:
no, watts/buld x no. bulbs

x no. operating hours/day

L4

Ve \-\,"‘:‘- “_‘

LI

x no. days/year + 1000

= KWH/year ' | . i

A

KWH saved per year:

Kwﬁ/year (old system) -

. . o
KWH/year (new system) . E

= _____kwH saved/year ' . : |

Energy cost savings: ) . |
KWH saved/year «x

. $/xw :

S T§hyeas o SR

(This assumes that the old bulbs would have no value and
would be thrown away. If a value could be assigned to A
them, this value would be subtracted from the cost in the .
above equation.)

. o/ .
Payback period: | - - !

bulb cost (@ $1.20/bulb)
?:.

energy savings first year

years = payback period




b

Turn coithe feedback section to chec respounses,

]
Now you ‘are ready to complete the fifth and final step in developing a
residential energy management system Complete ‘the followlng two work-

. sheets.

Use the £1rst worksheet to record data concerning, the no-cost or low-cost

Adapted from Séving Money with Energy Conservation:

improvements which you intend to 1mp1ement. = "
o ACTION PLAN
PAYBACK °  COMPLETION
IMPROVEMENTS - COST _ PERTOD DATE _ REMARKS
, ;

o g

for Public Assembly, DOE, Washington, DC ) ' e
N /
y % \
/. | A

S I'625_ a ) 644 T

An Energy Audit Workbook—~. _




- In order to determine just how much was saved and for future savings and cost estimates, an.
Energy Management Form is also included in this section. The Energy Management Form is
to be used to monitor your energy consumption.and costs. By doing this, you can trace the

results of your program and keep up on your real energy costs.

~ An Energy Management Form is shown on the following page. The data from the form can
be used to'budget and account for energy usage. In addition. it can be used to calculate the
payback period for several of the recommended energy conservation measures illustrated.

.To make ILQ,SY to use, you may wish to remove it from the book. The form is intended to be ’
an aid for establishing a continuing energy bookkeeping procedure for your buuldmg If it is-
filled out each month, the o Owner of the building can get a sense of monthly and
yedrly energy consumption and cost. It can be used as a base to evaluate energy savings that
result from energy conservation measures. :

You should remember that the billing period for electricity may.vary from 25 to 40 days. If.
s0. you will have to adjust it to be consistent with other types of energy on the form
Calculate the kwh per day and multiply by the number of days in the month or period you
are usmg for oil and gas. . )

Continue to update the Energy Management Form at regular.-frequent intervals during the
implementation of yotr energy conservation program- That way. the reduced consumption .
of fuel and/or electricity will become real and you will be able to demonstrate and- venfy
the savings with your consumptlon measurements. ’ -

The following abbreviations are used in‘the Energy Management Form: .

MCF . =1,000 Cubic Feet KWH ) = Kilowatt Hours
CCF > =100 Cubic Feet - CFM = Gubic Feet per Minute

YV iAGEFROM $C to BIY IS

The British Thermal Unit or Btu is a common unit for the measurement of all forms of
energy. With the increase in unit cost for utilities it will be difficult to-measure energy usage
and savings on the basis of dollar amount of the utility bills. Conversion to Btu s eliminates
the differences in units used fo measure various types of fuel. as well as variations in price -
for fuels in different geographic regions and future price increases. A Btu is a very small unit:
of energy. Large quantities of energy are often expressed in terms of a million Btu’s or in
some cases therms*. Converting dollar energy usage to Btu’s.is a simple process, and will
allow additional ahalysrs of the figures in the Energy Management Form. -

Source ‘ ) Measure ' : " Epergy

electricity : ' kwh . , 7 3412 Bw’s
natural gas L cubic foot 1030 Btu’s
*natural gas . ) 1 MCF ' ) 10 Therms
oil - - gallon _ 140,000 Btu’s
steam : 1 lb. . ) 1390 Btu’s
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Check your worksheets. Have all items been completed?

Have one of your colleagues check your worksheets for errors or ‘omissions.
When you feel that your worksheets are completed, submit them for your
instructor's approval.

FEEDBACK

Objective A Check:

1. 20 bulbs x 150 watts/bulb
x 6 hours/day
x 365 days/year =+ 1000
6570 KWH/year

75 watts/bulb x 20 bulbs
x 6 hours/day
x 365 days/year

3285 KWH/year

6570 KWH/year (old system)
~.3285 KWH/year (new system)
= 3285 KWH saved/year

3285 KWH saved/year x. $0.06/KWH
= §197.10/year

$24.00 ‘
$197.10 .

= ,12 years or 1.5 months

-

1f you did not answer correctly one or more of the items, check with the in=-
structor. If you answered all £ive correctly, go to Activity D.

Instructor’s Approval

after receiving the instructor's approval, advance to the Post-Check.

]




POST-CHECK

HOME ENERGY MANAGEMENT SYSTEMS

Directions: Given all the necessary data from a hypothetical residence and "
the required worksheets, perform each of the following tasks:,

Conduct an energy audit to include the structural, operational, and cli-
matic control (heating and cooling) aspects of the structure..

Complete a.Thermal Savings Worksheet, Dollar Savings Worksheet, and
Payback Worksheet. From the information generated by .these worksheets,
recommend conservation measures that would reduce overall energy consump-
tion by ac least 10%. Show your calculations for the savings and the
amount of payback time. :

-

Initiate and operate an e¢nergy managment-plan for three months by com—
pleting an Actien Plan Worksheet aleng with®the proposed improvement
- Cnergy Management Form to budget and account for energy usage.

a
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MODULE IWENTY-FOUR

PRINCIPLES AND PRACTICES OF RE-USING ENERGY SUPPLIES

[

Prepared

by

William A. Hayes
Industrial Arts
West Baltimore Middle School
Baltimore, Maryland

o

' USDOE Sponsored Faculty Development Workshop on Energy
Conservatiéon for IAE at North Carolina State University
Jupe 1$81-R.E., Wenig, Director

o




PRINCIPLES AND PRACTICES OF RE-USING ENERGY SUPPLIES

In order for us to live with the limited resources of the world and to
reserve those resources for the future, we must learnm to recycle more waste.
The recycling business has become more attractive each day. At last, environ-

mentalists and economists gTe beginning to work together in helping us to realize ..

+ the importarce of producing energy from waste to renew dwindling resources.

TERMINAL PERFORMANCE OBJECTIVE

Upon Eompletion of this module, vou will complete a performance test. (quiz)
"with 807 efficiency related to the basic principles and practices of recycling
critical materials that would have been considered waste.

@

INSTRUCTIONAL PACKAGES ) KNOW

IP-1. Identification of Materials

I?fZ. Local Laws on Wasté Disposal Must Be Observed o

IP-3. Conventional and Unconventional Methods of
Handling waste

IpP-4, The Recovered Product




PRE~CHECK

DIRECTIONS: Check the answers with the pre-check key. If you miss one true
- ‘or false question per section, you will need to devote time in
learning about this area.

@

IP-1. Identification of Materials
TRUE . FALSE

‘The word wastes refers to materials discarded by community
activities, and includes solids, liquids and gases.

Garbage 1s domestic or household food waste. Rubbish is
domestic non-food waste, and residential waste or domestic
waste ‘1s the combination of garbage and rubbish.

The term “recycling” in its narrowest, and_probabl? original,
sense does not denote the return of .2 discarded material or
article to the same product system.

Solid wastes munidiB}l refuse, industrial trash and demoli-
tion debris have a véry low recovery rate.\

o

Ir-2. Local laws on Waste Disposal Must Be Observed

3 - R -
Recycling 1s the process by which recovered resources are-
transformed into new products In such a manner that the
original products lose theix identirty.

Solid waste management is'a'purposeful, systematic control
of the generation, storage, collection, transport, separation, t
processing, recycling, recovery and disposal of solid waste.

Senate Joint Resolution 1073‘ratified April 12, 1974 appoifited
a four-person commission to investigate and monitor all
recycling requests for the state. '

North Carolina has always had a comprehensive listing of
persons -and organizations involved in the recycling process.

<

Conventional and Unconventional Methods of Handling Wastes

*In the United States the early industrial~uaste plans were
those for treatment of tannery and glue-factory wastes in
Massachusetts and they operated on the unconventional method.

. One of the early American Industrial-waste-treatment plants
mechanicaily cleaned tanks, thereby eliminating the objec~
tionable job of removing the sludge by manual means.

b




PRE~CHECK

(Continued)

" The "step~sludge™ method is considered conventional.

' *
~

The unconventional methods have all been developed to reduce
size and cost of waste treatment plants. v

v

IR~4. "The Recovered Product

1. ‘ A; beer company (Coors) uses a Carver-Greenfield drying
process to recover high amounts of crude protein and vitamin
B-12 foxr subsequent use in baby formulas. T

The research center of the Bureau of Mines has used fly ash,
a by-product of electric generating plants, as.a partial
substitute for cement in a sidewalk In Morgantown, West .

¢ Virginia. '

Flea markets, garage sales are methods of recycling resi-
dential waste,

Louisiana State University operated a pilot plant which
fermented ‘sugar cane bagasse into edible, single-cell
protein compeétitive with soybean flour or corrmezl.

!




PRE-CHECK

Identification of Materials

-

v

Eonventional and Unconventional Methods of Handling Wastes

<The Recovered Product

1.
‘2.
3.
4,
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PRINCIPLES AND PRACTICES OF RE-USING ENERGY SUPPLIES

Identification of Materials

TIVES

Upon completion of this imstructional package, yoﬁ-will be able

A. Identify ﬁajor materials that are considered waste.

B. Categorize waste materials according to liquids and solids.
- S

RESOURCES

Books:

Resource Redbvery and Recycling by Allan F.M. Barton, Chapter 1, pp.

- -
r -




ACTIVITY
Please read the resource listed. in the resource section.

The student will'lis: 20 materials that are considered waste Products in
his{hgr project. - . . '

Please list all was:efma:erials into twd.divisions; liquids and solids.
- The student will explain in chart form the properties of the original

Product before "being recycled, also consider if the product in its pPresent
state 15 worth the cost, time and energy to be recycled.

FEEDBACK

' Ohjectiée A and B Check:

Refer back to Pre~Check for Ié—l questions and answers.

If you did not answer correctly all quesﬁions, check with your Instructor.

If you amswered all four correctly, go to IP (Objective)

Instructor's Approval




PRINCIPLES AND PRACTICES OF RE-USING ENERGY SUPPLIES

Ip=-2, " Identification of Materials

OBJECTIVES—\

Uponvcompletion of this instructional package, you will be able to:

State laws on waste disposal must be observed.
- ‘-

List the requirements on how to store waste by reviewing laws where he/she
is located. .

RESOURCES
4
Books:

Report of the Commission for the Study of Solid Waste Recyecling to the 1975
General Assembly of North Carolina, February 28, 1955.




ACTIVITY

A, “Please read the complete resource listed in the resource section.

-

F . .
Student should list the laws of the State in which he/she lives and

describe how to handle waste for recycling.

A 1ist should be made of those laws that act as a hindrance/assistance
to cost and time in recycling liquids and solids.

[
L]

‘ ..
FEEDBACK -

Objective A and B Chéék:

Refer back toPre-Check for questions and answers.

If you did not answer correctly all questions, check with your instructor.

If you answered all four correctly, go to IP- (Objective) .

.
* -

v

<

Instructor's Approval

~—  \a - : '
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PRINCIPLES AND PR/CTICES OF RE~USING ENERGY "SUPPLIES

IP-3, Conventional and Unconventional Methods of Eandling Waste

. OBJECTIVES L : ) *

bl

Upon completion of this instructional package you will be able to:

A. Study at least one conventional and one unconventional method of\treating
industrial/resldential wvastes, -

L
RESOURCES
Books:

The Treatment of Industrial Wastes by Edmund B.-Besselie%re; Chapter VIII.

"Recyeling by Jerome Goldstein, Chépters III and VIII,




ACTIVITY

-

Please read the resources listed in the resource section.

Students should list each method of waste disposal explaining their
origin, 'advantages, disadvantages and the type wastes involved,

Students sBould compare recovered waste cost, time and-energy, and the
nethod“of recycling to the original state. > '

FEEDBACK

fObjective A Cﬁeck:-

a

ﬁefer back to Pre-CHeck IP-3 fbr ‘questions and answers.

e

1f you answered all four correctly, go to IP-4 (Objective)

- -~
=
- - -

Instructor's Approval




PRINCIPLES AND PRACTICES OF RE-USING ENERGY SUPPLIES

-

IP=4, The Recovered Product
OBJECTIVES

' i
A. .‘Through the study of various methods of recycling indastrial residentlal
wastes, list flnished products and their value.

-

RESQURCES
Books: |
Same as If-3. (The Treatment of Industrial Waste, Chapter XIV)

(Recycling, Chapter IIT) -




ACTIVITY
A. Please read the resources listed in the resource section.

B. . As a result of reading the resources. listed in the resource sectiocn,
students will be able to plan exact use for their recyclable waste,

-l
.o

. (>}
FEEDBACK

Objective A Check:

= ¢ =

Refer back to IP-4Pre-~Check for questions and answers.

>

b

If vou did not answer correctly all questions, check with your instructor.

If you .answered all four correctly, go to the next objective,

hl

-4

Instructor's Approval




POST—CHECK

PRINCIPLES AND PRACTICES OF RE-USING ENERGY SUPPLIES

DIRECTIONS: Place a "T'" for true and an "F" if the answer 1s false beside the
) ) question in the space provided.

-—

.

IP-1. Identification of Materials

1. . The word waste refers to materials discarded by community-{
' activities, and includes solids, liquids and gases.

-+

2 Garbage is doﬁestic or household food waste, rubbish is
' domestic non—-food waste, and residential waste or domestic
waste is the combination of garbage and rubbish.

The term recycling in its narrowest, and probably original,
sense does not denote the return of a discarded material or
article to the same produft system.

S50l1id wastes, municipal refuse, industrial trash and demoli-
tion debris have a very low Tecovery rate.

IP-2. State Laws on Waste Disposal Must Be Observed

Recycling is the process by which recovered resources are -
transformed into new products in such a manner that the
original products lose fheir identity. :

So0lid waste management is a purposeful, systematic control

of the generation, storage, collection, transport, separation,=
prccessing, recycling, recovery and disposal of solid waste.
Senate Joint Resolution 1073 ratified April 12, 1974 appoint~
ed a four person commission to investigate and momnitor all

recycling requests for the state.

North Carolina has always had a comprehensive listing of
persons and organizations involved in the recycling process.

- -~

) 2 .
1P-3. - Conventional and Unconventional Methods of Handling Wastes

1. In the United States the early industrial waste planfs were
those for treatment of tannery and glue-factory wastes in
Massachusefts, and they operated on,the unconventional method.‘

One of the early American industrial-waste-treatment plants
mechanically cleaned sedimentation ‘tanks, thereby eliminating
the objectionable job of Temoving the sludge by manual means.

The "step-sludge" method 1s considered conventional.




n

POST-CHECK

(Continued)

The unconventional methods have all been developed to reduce
size and cost of waste treatment plants.

The Récovered Product

A beer company{Coors) uses a Carver-Greenfield drying process
to recover high amounts of crude protein and vitamin B-12
for subsequent use in baby formulas.

The Research Center of the Bureau of Mines has used fly ash,’
a by-product of electric generating plants, as a partial
substitute for cement in sidewalks in Morgantown, West
Virginia.

Flea markets, garage sales are methods of recycling résiden-
tial waste.

Louisiana State University operated a pilot plant which
fermented sugar cane bagasse into edible single cell protein
competitive with soybean flour or corn meal.




MODULE TWENTY-FIVE

CAREERS IN ENERGY CONSERVATION

Prepared

by

Mary Edmiston
Occupational Exploration
Newton-Conover Middle School
Newton, NC

& ' ]
‘USDOE Sponsored Faculty Development Workshop on Energy

Conservation for IAE at North Carolima State University
June 1981-R.E. Wenig, Director

)




PRE-CHECK

CAREERS IN ENERCY CONSERVATION

DIRECTIONS: In the space provided, place a I in front of che'scaCemenCs which

IP-1.

are True, and an F in front of those that are False.

Types of Prergy.Conservation Related Occupations
Petroleum engineers generally plan and supervise solar installation.
Only scientists and englneers are needed in the nuclear energy field.

An architect determines a building's interior layout to make maximum

use of the sun. R

- Landscape architects are trained to plant domestic landscapine to make

maximum use of the sun. .

Hazards of Energv Conservation Related Occupations

There have been more nu¢lear-related illnesses than any other eaexgy
conservation related occupations.

There are no hazards related to archiﬂecture in energy consezgation
related jobs.

The coal indusCry has a better accident *ecord chan any other energy
related occupation. . . e
Psssive solar heating 1s the cleanest, least hasardous method bf
obtaining energy.

It makes no difference how much energy students fge; there will always‘
be plenty to accommodate everyone. , 7

-

]

L4
L4

Types of Education, Qualifications, Location and Salary
1

The minimum education,requifed for an architect is a BS from an -

accred‘ted school. =
N °

A person interested in becoming a solar energy specialist should expect
to live near the equator.

To become a coal miner, one must live in West Virginia.

A metallurgist could find a nuclear-energy fileld.

An oil research'expert musc move to the Middle East to fipnd work.




IP-4,

1.

-

Selection of Occupation and Definition

The United States produces more toal per year than any other nation. !

Nuclear energy is derived from the enrichment of uranium.
Most of the energy conservation Telated occupatidns require on-the~job
training.

Computer programmers havea good opportunity for employment in emergy-
related jobs. . . -

Energy production must equal energy consumpﬁion:

A state cannot consume energy that it does not have or cannot acquire
from external sources.

“+

k4




PRE-CHECK KEY

CAREERS TN EWERGY CONSERVATION

o~

Types of Energz_Conservatioﬁ Related Occupations

.

Hazards of Energy Conservation Related Occupations

1.
2.
3.
4,
3.

o

Types of Education-Training and Qualificatiéns, Location and Salar&
in Energy Conservation '

“

Selectién of Occupation and Definition

=

1. ©

2.
3.
4,
5.
6.

~




CAREFRS IN ENERGY CONSERVATION

b )
. 4 student -should be made aware of present, new and emerging energy-related
occupations in order to .make better career choices now and in the future.
Argﬁi with this information these students will be prepared to meet an ever chang-
ing world of work to accomodate the expanding need to conserve energy. ‘

After completion of this module, select one energy conservation related
occupation and describe educational requirements for entry, hazards, benefits
and employment outlook for thr next five years.

INSTRUCTIONAL PACKAGES

"
IP-1. Types of energy. conservation related occupations

Hazards of energy conservation melated occupations

&

Tyﬁes of education—tra;ning and qualifications,
location and salary C

Selection of occupation and definition




CAREER% IN ENERGY CONSERVATION

“”

IP-]1, Types of Energy Conservation RelaEed’Occupatioﬁe

'OBJECTIVES - -
The student will be able to list five JObS in each of the following energy
conservation related categories. e
A. =Coal Industry —Solar Energy - ‘-Construction
~Nuclear Energy =011 Industry . ~Architecture
~Energy-related Agri- " —Education, : —Automotive field
culture : '

4
a
)

RESOURCES
Pamphlets:

"Occupations in Petroleum and Natural Cas Production and Gas Processing," pp.
498-500.

1

"Occupations in the Nuclear Energy Field," pp. 548-51.
e ;

"Coal Mining,"p. 494-97.
"Landscape Architects,”™ pp. 470-71.

-

' "Design Occuﬁations-Architects," pp. 463-65,

"Agricultural Economists," fp. 489-91.

Tt

Bogks:

Dictionary of Qccupational Titles

Information, Sheet: "Job Titles in Six Energy-Related Indestries"

-




ACTIVITY

Review one or more of the. instructional resources listed aboye.
. J . o

List energy conservation related ocoppations in the following categoriés:

Cocal Industry Nuclear Energy ' Selar Energy

+

_ : . Inergy-Related
011~induscry Architecture Agriculture

e
Education Automotive - ~ Comstruction

)
—

v
Conservation . Tfﬁnsportation-

FEEDEACK

-7

Objecﬁive A Check:
que your ﬁns:rﬁctor check your-responses in activity B,
) »

.o /e

Instructor Check

Y

671




LS 2 l - * \
. ‘ - . "
. FEEDBACK KEY: IP-1 A:fé’wer Key
7
~ , “Activity B Example Answers

S 4
’ Coal Industry o RNuclear Energy Solar Energy
- . *
» Civil Engineer- -Jl. EleEﬁrical Eqéineer . 1. Electrical Engineer

. . Geologisgt

2. Nuclear Physicist ’ - 2. Solar” Engineer
3. Mining Engineer ] /’

afety Engideer 3. Engineering Technician

4. Fitte 4, Radiarion Monitor / ~ 4. 1Installer
5. Shot fjirer S Machinistf' // 5. Manufacturer

) o~ - . . ) ! =

e ) oo : -
01l Industry N Architecture - Education
1. Perroleum Engineer ' CaEn v 't-; neer 1. College;Teacher }
2. Stratographer 2. Desig Enginew 2. Public School Teacher
3. Refining Operator °~ °~ 3. Drafter, . 3. Industrial Trainer
4, Driller 4. Architec:ural Technician 4. ate Energy |
5. Pilpefditter 5.° Engineering fechnologist Consultant ;
Autamotivé . - Energy Related Agﬁiculture TranSportaciJn .
5 - . ﬂ' /
1. Mechanical Engineer 1. Biologis: R " 1. Traffic/Engineer
+ 2. Auro’'mechanic - “+ 2. BiologiTal Scientist 2. -State Transportation
3. Auto Parts. - 3. Geologist ! Director ,
- . . . 4. Landscaper i
- . 3. Agricultural Chemist
Conservi?ion . Construction | )
. " 1. Energy Auditor 1. Carpenater . - . -
2. Energy thagement 2. Electrician ' ' R
L 3.0 Recyling Waste, oil, 3. Plumber . . ‘
_etc, . 4, Insulation Imstaller - — =~ .

'_’_’-:!(‘




CAREERS IN ENERGY CONSERVATION

IP-2 Hazards of Energy Conservation Related Occupations

OBJECTIVES

Upon completion of this instructional package, you will be able to:

Identify at least two hazards related to energy in at least three of the
following.occupational categories:

=Coal Industry -Antomotive —Energy-related Agricul-
~Nuclear Energy =-Construction ture

-S8olar Energy —Conservation =Education

=01l Industry. -Architecture -Transportation

RESOURCES
Pamphlets:

Nuclear Power and the Epviromment, Questions and Answers, American Nuclear
Society.

Meeting Energy Workforce Needs, Sponsored by U.S. Office of Education's Energy
and Education Action Center

Books:

Occupational Outlook Handbook

Filmstrips and Cassettes — Energy Information Service, Inmc.
" "This Precious Earth"”
"Doing the eco-ethic"




ACTIVITY

A. Review one or more of the instructional resources listed sbove.
B. List-two hazards related to the following energy conservation occupations:

l. Category

b.

Category

as

b.

Category

as

b.

FEEDBACK

Objective A Check:

1. Category = Nuclear Energy
a. Radioactive radon gas can be harmful to the lungs if inhaled over a
number of vears
b. Direct radiation can be deadly, but many precautions are taken iIncluding
shielding, automatic alarm Systems amd protective clothing

Category — Coal Mining

a. Many miners have to work on their hands and knees, back or stomach when
the roofs are low

b. There is a risk in developing pneumoconiosis (black lung) from coal dust
and silicosis from the rock durt generated by the drilling in the mines.

Category — 01l Industry

a. May have to move from pPlace to place for exploration or for drilling

b+ 011 and gas well drilling and serwicing are more hazardous than any
other kinds of work. The injury rate is four times the rate for all
industries in the private sector.




CAREERS IN ENERGY CONSERVATION

IP-3, Types of Education-Traiping Qualifications, Location and Salary
OBJECTIVES

Upon completion of this instructional package, you will be able to:

State the education-traiping, qualifications, location and potential
salary for one of the following energy comservation related occupational
categories: :

=Coal Industry ~Solar Energy =Architecture
—Nuclear Energy =01l Industry ~Transportation
—Automotive =Construction -Energy-related
-Conservation ~Education Transportation

RESOURCES

Pamphlets:

"Nuclear Erergy"™ by Energy Research and Development Administration (GPO-1976-
219-430).

'Solar Energy for Agriculture and Industry," by (DOE/PA-0015012079).

"Professional Epergy Careers,™ by (DOE/OPA-0043-8-79).

‘Careers in Energy Industries,™ by (DOE/PA-OOSZ 1-30>.

Books:

Occupational Outlook Handbook

Flimstrips and Cassettes:
"Energy from the Wind" Ruhle
"Energy for Tomorrow' Pelham

"Energy Alternatives"
"Solar Energy"
"Nuclear Energy"

Other Resources: Listed fn IP-1, and IP-2.




ACTIVITY
A. Review one or more of the instructional resources listed above.

B. Answer the following questions about your selected occupation:

1. What occupation did you choose?

2. What kind of education-training or qualifications are required for
your Selected occupation?

How much would it cost to become qualified in this occupation?

At what location could you expect to find a job in your occupation?

What would you expect your anmual salary ;é‘be?

FEEDBACK

Obiective A Check:

1. What occupation did you choose? Nuclear Energy

2. VWhat kind of education training or Qualifications are required for your
selected occupation?

An engineer or scientist should have advanced training in research, develop-
ment, and design work. Some employers require a Ph.D. degree. Skill
requirements for craft workers in the nuclear energy field are higher than
in most industries because of precision required to emsure efficient
operation of equipment and machinery. Pipefitters and welders must meet
higher standards than in most fields. Workers operating muclear reactor
controls must be licensed by the Nuclear Regulatory Commission. Licenses
are renewed every 2 years. L.

How much would it cost to become qualified in this occupation?

Fuployees needing a college degree would be required to pay tuition for the
duration of their education. Health physicists must have at least a B.S.
degree. Radiation workers, accelerator operators, radiographers, hot cell
technicilans, and decontamination workers are only required te have high
school diplomas and would therefore need only on-the-job training. They would
encounter no expense of their own in training.

676




FEEDBACK cont.

4, At what location could you expect to find a job in your occupation?

At any nuclear power plant
What would you expect your annual salary to be?

In 1978, the average hourly earnings of production workers were $7.37
compared to $ 5.90 in all manmufacturing industries. Scientists and engineers
averaged $ 24,900 per year. Technicians averaged $ 7.54 per hour. Most

hourly paid plant workers helong to unions that represent their particular
crafc or Induscry.




CAREERS IN ENERGY CONSERVATION

IP-4. Selection of Occupation and Definition of Job

OBJECTIVES

Upon completion of this instructional package, You will be able to:

A, Describe at least one of the energy comnservation related occupations
previously listed, and will perform an experiment related to that job.

RESQURCES

Pamphlets: Use any materials previously referred to, along with any other
resources the student can locate.

Edison Publications:

"Simple Experiments on Magnetism and Electricity"
"Ugeful Science Projects"

"Nuclear Experiments You Can Do"

"Fovirommental Experiments"

"Alternative Lnergy Sources-Experiments You Can Do"
"Edison Experiments"




ACTIVITY

Review the above described resgources.

Choose a partner from the class and select one of the following energy-
related occupations:

~Coal Industry ~Solar Energy -Architecture
=Nuclear Ervergy ~Energy-related Architec~- <Transportation
=Construction ture =Conservation
~Education =Automotive

Describe the requirements for job entry, the hazards related to that job, the
benefits of the job and the employment outlook for the next five years. Add any
other information of special interest to you or your partner.

C.  With your partner, choose an experiment from one of the Edison publica-

tions listed in "resources." The experiment should coincide with your
chosen energy-related occupation.

FEEDBACK

Qbjective A Check:

Have your teacher check your enmergy-related report as well as your related
experiment.




l'

2'

POST CHECK
CAREERS IN ENERGY CONSERVATION

What were the results of your experiment in IP-4? Give a brief description
in the space provided.

List three energy¥ comnservation-related occupations in the spaces provided.
Include administrators, engineers, scientists, support workers, blue collar
workers, and semi-skilled workers.

Coal Industry Nuclear Energy

Solar Energy 011 Industry

Architecture Energy~Related Agriculture

Name at least two hazards to be concermed with in the above listed energy
conservation—related occupations.

-




POST~CHECK

(Continued}

4. Gilve a brief summary in the space provided to describe the energy conserva-
tion-related occupation you and your partner researched in IP-4.

Glve a general description of the education, training and qualifications

necessary for the following categories concerned with energy comservation-—
related occupations.

a, Administration, Engineers and Scilentists

Support Workers

Blue Collar Workers

Seml-skilled Workers




